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Department of Animal Science 
The faculty of the Animal Science Department are always ready to answer your questions. Our Brookings 
phone number is (605) 688-5165. Staff members in Rapid City (RC denoted in faculty table) may be reached at 
(605) 394-2236. Contact any one of us or check out our departmental website: https://www.sdstate.edu/animal-
science. 
South Dakota State University: Department of Animal Science 
NAME SPECIALTY EMAIL 
BLAIR, Amanda (RC) Meat Science Amanda.Blair@sdstate.edu  
BRENNAN, Jameson (RC) Livestock Grazing Behavior Jameson.Brennan@sdstate.edu  
CAMMACK, Kristi (RC) Genetics Kristi.Cammack@sdstate.edu  
CASSADY, Joe (Dept. Head) Genetics Joseph.Cassady@sdstate.edu  
CLAPPER, Jeff Swine Reproductive Physiology Jeffrey.Clapper@sdstate.edu  
FROEHLICH, Kelly Small Ruminants Kelly.Froehlich@sdstate.edu  
GONDA, Michael Genetics Michael.Gonda@sdstate.edu  
GRUBBS, Kyle Meat Science Judson.Grubbs@sdstate.edu  
JENSEN, Brady Livestock/Carcass Evaluation Brady.Jensen@sdstate.edu  
LEVESQUE, Crystal Swine Nutrition Crystal.Levesque@sdstate.edu  
MENENDEZ, Hector (RC) Livestock Grazing Hector.Menendez@sdstate.edu  
NOLD, Rosie (Asst. Dept. Heat) Animal Science Rosemarie.Nold@sdstate.edu  
OLSON, Ken (RC) Beef Production Kenneth.Olson@sdstate.edu  
PAULSON, Carmen Equine Production Carmen.Paulson@sdstate.edu  
SAMUEL, Ryan Swine Management Ryan.Samuel@sdstate.edu  
SMITH, Zachary Ruminant Nutrition Zachary.Smith@sdstate.edu  
ST-PIERRE, Ben Ruminant Microbiology Benoit.St-Pierre@sdstate.edu  
THALER, Robert Swine Management Robert.Thaler@sdstate.edu  
UNDERWOOD, Keith Meat Science Keith.Underwood@sdstate.edu  
WALKER, Julie Beef Production Julie.Walker@sdstate.edu  
WRIGHT, Cody Cow-Calf Management Cody.Wright@sdstate.edu  
South Dakota Agricultural Experiment Station Locations 
As a land-grant institution, South Dakota State University, home to the South Dakota Agricultural Experiment 
Station, has an enduring mission of practical, responsive research to help improve the farms and ranches, 
businesses and lives of South Dakotans. Research often starts on the SDSU campus, but for the science to 
ultimately reach out to real-life needs, researchers also work on SDSU research stations strategically located 
across the state. 
 
Visit Research Station Locations to learn more about the South Dakota Agricultural Experiment Station 
locations.  
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South Dakota State University: SDSU Extension Beef Team 
NAME LOCATION / SPECIALTY EMAIL 
Department of Animal Science 
AMUNDSON, Olivia Sioux Falls / Cow-Calf Olivia.Amundson@sdstate.edu  
BAKKER, Christina Brookings / Meat Science Christina.Bakker@sdstate.edu  
BLAIR, Amanda Rapid City / Meat Science Amanda.Blair@sdstate.edu  
BRANDT, Kiernan Watertown / Cow-Calf Kiernan.Brandt@sdstate.edu  
CAMMACK, Kristi Rapid City / Genetics Kristi.Cammack@sdstate.edu  
CARROLL, Heidi Brookings / Livestock Stewardship & BQA Heidi.Carroll@sdstate.edu  
HARTY, Adele Rapid City / Cow-Calf Adele.Harty@sdstate.edu  
OLSON, Ken Rapid City / Cow-Calf Kenneth.Olson@sdstate.edu  
RUSCHE, Warren Brookings / Feedlot Warren.Rusche@sdstate.edu  
SALVERSON, Robin Lemmon / Cow-Calf Robin.Salverson@sdstate.edu  
WALKER, Julie Brookings / Cow-Calf Julie.Walker@sdstate.edu  
Department of Natural Resource Management 
BAUMAN, Peter Watertown / Range Management Peter.Bauman@sdstate.edu  
BRENNAN, Jameson Rapid City / Livestock Grazing Behavior Jameson.Brennan@sdstate.edu  
EHLERT, Krista Rapid City / Range Management Krista.Ehlert@sdstate.edu  
KELLY, Sean Winner / Range Management Sean.Kelly@sdstate.edu  
MENENDEZ, Hector Rapid City / Livestock Grazing Hector.Menendez@sdstate.edu  
SMART, Sandy Brookings / Range Management Alexander.Smart@sdstate.edu  
Ness School of Management & Economics 
DAVIS, Jack Mitchell / Crops Business Management Jack.Davis@sdstate.edu  
DIERSEN, Matthew Brookings / Risk & Business Management Matthew.Diersen@sdstate.edu  
ELLIOTT, Matthew Brookings / Agribusiness Matthew.Elliott@sdstate.edu  
GESSNER, Heather Sioux Falls / Livestock Business Management Heather.Gessner@sdstate.edu  
WANG, Tong Brookings / Production Economics Tong.Wang@sdstate.edu  
Department of Veterinary & Biomedical Sciences 
DALY, Russ Brookings / Veterinarian Russell.Daly@sdstate.edu  
SHARAFELDIN, Tamer Brookings / Pathologist Tamer.Sharafeldin@sdstate.edu  
Department of Agricultural & Biosystems Engineering 
EDWARDS, Laura Aberdeen / Climatology Laura.Edwards@sdstate.edu  
KRINGEN, David Mitchell / Water Management David.Kringen@sdstate.edu  
MCMAINE, John Brookings / Water Management John.McMaine@sdstate.edu  
YANG, Xufei Brookings / Environmental Quality Engineer Xufei.Yang@sdstate.edu  
Contact any one of us or go to the College of Agriculture, Food, and Environmental Sciences website for more 
information on staff and departments: https://www.sdstate.edu/agriculture-food-environmental-sciences. 
SDSU Extension Regional Center Locations 
As the outreach arm of our state’s land grant, South Dakota State University, SDSU Extension is able to 
provide farmers, ranchers, agri-business people, communities, families and youth with the research-based 
information they need to succeed. 
 
Visit the SDSU Extension website to find our other locations throughout South Dakota.  
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Statistics in the South Dakota State University 
Beef Day Proceedings 
The purpose of beef cattle and beef product research at SDSU is to provide reference information that represents 
the various populations (cows, calves, heifers, feeders, carcasses, retail products, etc.) of beef production. Since the 
researcher cannot apply treatments to every member of a population, he/she must sample the population. The use 
of statistics allows the researcher and readers the opportunity to evaluate separation of random occurrences and 
real biological effects of a treatment. Following is a brief description of the major statistics used in this proceedings. 
• Mean: Data for individual experimental units (cows, pens of cattle, steers, steaks) exposed to the same 
treatment are generally averaged and reported in the text, tables and figures. The statistical term 
representing the average of a group of data points is mean. 
• Variability: The inconsistency among the individual experimental units used to calculate a mean for the item 
measured is the variance. For example, if the ADG for all the steers used to calculate the mean for a 
treatment is 3.5 lb then the variance is zero. However, if ADG for individual steers used to calculate the 
mean for a treatment range from 1.0 lb to 5.0 lb, then the variance is large. The variance may be reported as 
standard deviation (square root of the variance) or as standard error of the mean. The standard error is the 
standard deviation of the mean as if we had done repeated samplings of data to calculate multiple means for 
a given treatment. In most cases, treatment means and their measure of variability will be expressed as 
follows: 3.50 ± 0.150. This would be a mean of 3.5 followed by the standard error of the mean of 0.150. A 
helpful step combining both the mean and the variability from an experiment to conclude whether the 
treatment results in a real biological effect is to calculate a 95% confidence interval. This interval would be 
twice the standard error added to and subtracted from the mean. In the example above, this interval is 3.20 
to 3.80 lb. If in an experiment, these intervals calculated for treatments of interest overlap, the experiment 
does not provide satisfactory evidence to conclude that treatments effects are different. 
• P - Value: Probability (P - Value) refers to the likelihood the observed differences among treatment means 
are due to chance. For example, if the author reports P ≤ 0.05 as the significance level for a test of the 
differences between treatments as they affect ADG, the reader may conclude there is less than a 5% 
chance the differences observed between the means are a random occurrence (or 95% sure that the 
difference was not due to random chance). Due to this small probability of chance, there must be difference 
between the treatments in their effect on ADG. Authors may discuss tendencies in data when P values are 
between 0.06 and 0.15, because they are not confident the differences among treatment means are real 
treatment effects. With P values of 0.06 and 0.15 the chance random sampling caused the observed 
differences is 1 in 16.7 and 1 in 6.7, respectively. 
• Linear & Quadratic Contrasts: Some articles contain linear (L) and quadratic (Q) responses to treatments. 
These parameters are used when the research involves increasing amounts of a factor as treatments. 
Examples are increasing amounts of a ration ingredient (corn, by- product, or feed additive) or increasing 
amounts of a nutrient (protein, calcium, or vitamin E). The L and Q contrasts provide information regarding 
the shape of the response. Linear indicates a straight-line response and quadratic indicates a curved 
response. P-values for these contrasts have the same interpretation as described above. 
• Correlation (r): Correlation indicates amount of linear relationship of two measurements. The correlation 
coefficient can range from - 1 to 1. Values near zero indicate a weak relationship, values near 1 indicate a 
strong positive relationship, and a value of - 1 indicates a strong negative relationship. 
Brand names appearing in this publication are for product identification purposes only. No endorsement is intended, 
nor is criticism implied of similar products not mentioned. 
SDSU Extension is an equal opportunity provider and employer in accordance with the nondiscrimination policies of 
South Dakota State University, the South Dakota Board of Regents and the United States Department of 
Agriculture. 
Learn more at extension.sdstate.edu.  
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Beef Day 2021 
Nose color of Charolais × British crossbred beef 
steers alters marbling score and body weight at a 
common degree of fatness in steers reared under 
similar management from birth through finishing 
Thomas G. Hamilton and Zachary K. Smith 
Objective 
The objective of this study was to determine if cattle could be sorted and performance could be predicted by 
nose color (Pink or Black) when carcass traits and body weight were evaluated at a common endpoint in 
Charolais x British crossbred beef steers. Pink nosed cattle were assumed to be progeny of Red Angus dams 
and black nosed cattle were assumed to be progeny of Black Angus dams.  
Study Description 
Steers (n=180) were received at the Ruminant Nutrition Center (RNC) from a single ranch in Western South 
Dakota. These steers arrived at the RNC on October 23, 2019 and were harvested 244 days later. While at the 
RNC these steers were group housed in concrete pens and were administered a steroidal implant 14 days 
post-arrival and a terminal implant 132 days before harvest. Steers were shipped on the same day when they 
were appraised to have 0.50 in of rib fat. At harvest, hot carcass weight, longissimus muscle area, rib fat, 
kidney-pelvic-heart fat, and USDA marbling scores were recorded. 
Take Home Points 
Black nosed steers had greater rib fat depth and marbling score compared to their pink nosed counter parts. 
Black nosed steers also had a greater numerical yield grade while no differences were in final shrunk body 
weight. Pink nosed steers could potentially be worth more than their black nosed counterparts ($cwt) when 
purchased at lighter weights allowing for greater live weight gain.  
Introduction 
Feeder cattle in the United States can be classified by differences in carcass quality, yield grade, mature size, 
growth performance, and efficiency (Gentry et al., 2020: Smith et al., 2020). It is important in the feedlot 
industry to sort cattle into groups of similar type and performance potential to avoid discounts at the time of 
harvest. This can often be done by using cattle frame size; however, frame size can be misleading depending 
on age and body weight of the individual. Using nose color as a predictor of genotype and potential production 
indicator could lead to a new way to sort and manage cattle in feedlots to promote consistency amongst 
groups.  
Experimental Procedures 
Cattle were received at the Ruminant Nutrition Center at approximately 6 months of age and were group 
housed in concrete pens for 244 days. Upon arrival cattle were vaccinated for infectious bovine rhinotracheitis, 
bovine viral diarrhea 1 and 2, parainfluenza 3, and bovine respiratory syncytial virus (Bovi-Shield Gold 5, 
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Zoetis, Parsippany, NJ) and clostridials (Ultrabac 7/Somubac, Zoetis). Steers were also administered a pour-
on moxidectin upon arrival according to label directions (Cydectin, Bayer, Shawnee Mission, KS). Two weeks 
after arriving at the RNC steers were administered a steroidal implant containing 200 mg of progesterone and 
20 mg of estradiol benzoate (Synovex-S, Zoetis). They were later administered a second implant 132 days 
prior to harvest that contained 200 mg trenbolone acetate and 28 mg of estradiol benzoate (Synovex-PLUS, 
Zoetis). All steers were shipped on the same day when they were appraised to have approximately 0.50 in of 
rib fat. Steers were harvested in Dakota City, NE at Tyson Fresh Meats Plant where carcass data and weight 
were collected. Empty body fat percentage (EBF) was calculated using these carcass measurements 
according to (Guiroy et al., 2002). Marbling score and backfat depth were used to calculate the mRatio which 
acts as an indicator of the relationship between marbling and subcutaneous fat accumulation (Mohrhauser et 
al., 2015). 
Results and Discussion 
Descriptive statistics of the overall population of Charolais × British crossbred steers are located in Table 1. 
Body weight and carcass trait responses can be found in Table 2. Weaning body weight (BW) differed (P = 
0.05) by 2.1% between black and pink nose steers. Final shrunk BW, HCW, DP, LM area, and mRatio was not 
different (P ≥ 0.16) between black nosed or pink nosed steers. Rib fat depth was 11.9% greater (P = 0.01) for 
black nosed steers compared to pink nosed steers. Measures for kidney-pelvic-heart fat tended to increase by 
2.2% (P = 0.07) in black nosed steers compared to pink nosed steers. Marbling score was 7.0% greater (P = 
0.01) in black nosed steers compared to pink nosed steers. Steers with black noses had greater (P = 0.01) 
numerical yield grade (8.8%) and lower (P = 0.01) retail yield (1.0%) compared to steers with pink noses. Black 
nosed steers had greater (P = 0.01) estimated EBF by 3.8% compared to pink nosed steers and tended (P = 
0.07) to have decreased BW at 28% EBF by 2.1% compared to pink nosed steers. Distribution of USDA Yield 
Grades did not differ (P = 0.16) between black and pink nosed steers. The distribution of USDA Quality Grades 
tended (P = 0.10) to differ between nose classification with fewer USDA Select graded carcasses and greater 
USDA High Choice graded carcasses in black nosed steers compared to pink nosed steers. These results 
correspond to the thought that black hided cattle will have greater marbling potential (McCabe et al., 2019). 
However, Red Angus influenced calves could warrant a premium at weaning as a result of their lower weaning 
weight and larger frame size allowing for elevated growth potential. The Red Angus influenced steers could 
have potentially graded similar to the black nosed steers if they had been fed for additional days on feed. 
Implications 
Total live weight gain was compromised in the black nosed steers if all steers would have been harvested at an 
equal chemical maturity. Greater potential live weight gain and lighter weights at the time of purchase indicate 
that pink nosed steers could potentially be worth more ($/cwt) as feeders than their black nosed counterparts. 
More of this type of research should be conducted in order to ascertain real value discounts that should be 
applied to feeder cattle populations or varying genotype and phenotype.  
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Tables 
Table 1. Descriptive statistics for body weight (BW) and carcass traits of Charolais × British crossbred steers 
(n = 180). 
Item Mean Standard deviation 
Weaning BW, lb 617 40.1 
Final shrunk (4%) BW, lb 1448 93.7 
HCW, lb 935 64.6 
DP, %1 64.57 1.973 
Longissimus muscle area, in2 15.3 1.09 
Rib fat, in 0.51 0.128 
Kidney-pelvic-heart fat, % 1.78 0.142 
Marbling score2 494 77.9 
Calculated Yield Grade3 2.90 0.572 
Retail Yield, %4 50.98 1.176 
Estimated empty body fat (EBF), %5 30.32 2.151 
BW at 28% EBF, lb5 1378 94.1 
1 Calculated as: HCW/final BW pencil shrunk 4%. 
2 400 = small00 (USDA Low Choice). 
3 Calculated according to the USDA regression Equation (USDA, 1997). 
4 Closely trimmed retail cuts from the round, loin, rib, and chuck according to Murphey et al. 1960. 
5 Calculated according to Guiroy et al. 2002. 
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Table 2. Least squares means for body weight (BW) and carcass traits of Charolais crossbred steers with 
black or pink noses. 
Item 
Nose color 
SEM P - value 
Black Pink 
Steers, n 46 134 - - 
Weaning BW, lb 628 615 6.6 0.05 
Final shrunk (4%) BW, lb 1466 1442 15.96 0.16 
HCW, lb 941 933 11.0 0.46 
DP, %1 64.21 64.68 0.332 0.40 
Longissimus muscle area, in2 15.2 15.4 0.18 0.47 
Rib fat, in 0.56 0.50 0.019 0.01 
Kidney-pelvic-heart fat, % 1.81 1.77 0.024 0.07 
Marbling score2 520 485 13.1 0.01 
Calculated Yield Grade3 3.09 2.83 0.096 0.01 
Retail Yield, %4 50.59 51.11 0.198 0.01 
Estimated empty body fat (EBF), %5 31.19 30.03 0.358 0.01 
BW at 28% EBF, lb5 1358 1387 7.3 0.07 
mRatio -0.023 0.024 0.1988 0.81 
USDA Yield Distribution, %  
1 0.0 4.4 - 0.16 
2 45.6 57.8 - - 
3 50.0 34.8 - - 
4 4.4 3.0 - - 
5 0.0 0.0 - - 
USDA Quality Grade Distribution, % 
Select  4.4 12.4 - 0.10 
Low Choice 43.4 50.1 - - 
Average Choice 34.8 30.3 - - 
High Choice 15.2 7.2 - - 
Prime 2.2 0.0 - - 
1 Calculated as: HCW/final BW pencil shrunk 4%. 
2 400 = small00 (USDA Low Choice). 
3 Calculated according to the USDA regression Equation (USDA, 1997). 
4 Closely trimmed retail cuts from the round, loin, rib, and chuck according to Murphey et al. 1960. 







] Where Variable 1 was marbling and 
variable 2 was rib fat depth. 
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Beef Day 2021 
Evaluation of KWS hybrid rye on growth 
performance, carcass traits, and efficiency of net 
energy utilization in finishing feedlot steers 
Warren Rusche1, Julie Walker1, Peter Sexton2, Becca Brattain3, and Zachary Smith1 
1Department of Animal Science, South Dakota State University, Brookings, SD 57007 
2Department of Agronomy, Horticulture and Plant Sciences, South Dakota State University, Brookings, SD 
57007 
3KWS Cereals USA, LLC, Champaign, IL 61822 
Objective 
Our objectives were to determine the effects of hybrid rye inclusion on finishing steer performance and carcass 
characteristics, and to estimate net energy (NE) value. 
Study Description 
Predominately Angus steers (n = 240, initial shrunk bodyweight [BW] = 891 ± 40.8 pounds) were used in 117-d 
finishing experiment. Hybrid rye was used to replace either one-third, two-thirds, or 100% of dry-rolled corn 
(DRC) resulting in four treatments: [DRC:Rye, DM basis (60:0), (40:20), (20:40), and (0:60)] with six pens per 
treatment and 10 steers/pen. Performance adjusted NE values were calculated from performance and carcass 
data. Replacing DRC with rye linearly decreased (P ≤ 0.01) carcass-adjusted final BW, ADG, DMI and G:F. 
Feeding rye linearly decreased HCW and ribeye area (P ≤ 0.04). Liver abscess scores and carcass grades 
were unaffected by treatment (P ≥ 0.09). Estimated NEm and NEg values for rye when included at 60% of the 
diet DM were 0.86 and 0.57 Mcal/lb, respectively.  
Take Home Points 
Hybrid rye can be used in finishing diets. Net energy value of hybrid rye is approximately 84% compared to 
DRC and partial replacement of DRC with rye resulted in positive associative effects where ADG and G:F were 
greater than expected.  
Introduction 
There has been increased interest in planting cereal rye as a complement to a corn-soybean rotation. Adding a 
third crop has resulted in enhanced corn yields compared to a corn-soybean rotation under South Dakota 
conditions (Sexton, 2020) and would also spread out labor and equipment requirements more broadly during 
the growing season. Hybrid cereal rye genetics introduced recently to the North American market offer 
increased yield potential and reduced ergot risk compared to traditional varieties. 
Cereal rye offers harvest flexibility in that it could be grazed, cut for hay or silage, or harvested as grain. Most 
rye grain now enters the milling or distilling channels, but the ability to use rye in livestock diets would enhance 
the utility of the crop by providing additional market outlets. Little research has been conducted on the feed 
value of rye grain with no published data on the value of hybrid rye in North American beef systems utilizing 
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corn co-products. The objective of this study was to determine the effects of rye grain inclusion on finishing 
steer performance and carcass characteristics, as well as to estimate the net energy value of hybrid rye.  
Experimental Procedures 
All procedures were approved by SDSU Institutional Animal Care and Use Committee (IACUC, approval # 19-
047E). 
Experimental design and treatments 
Four treatments were used in a completely randomized design to evaluate animal performance, carcass traits, 
and to estimate the NE value for hybrid rye. Hybrid rye (Rye) was substituted for dry-rolled corn (DRC) as 
follows: a basal finishing diet formulated (DM basis) with 60% corn grain (DRC:Rye, 60:0) and three additional 
diets formulated with increasing proportions of Rye (40:20, 20:40, and 0:60). All rye grain used was from the 
same hybrid (KWS Bono, KWS Cereals, LLC; Champaign, IL) and from a single source. Each truckload of Rye 
was sampled on arrival at Southeast Research Farm (SERF) and composited for ergot alkaloid analysis. Total 
ergot alkaloid concentration from the composited sample was 392 ppb on a DM basis, less than the 
recommended maximum ergot alkaloid concentration of 2 ppm for cattle diets (Coufal-Majewski et al., 2016). 
Animals, initial processing, and study initiation 
A total of 240 predominately Angus steers (initial shrunk BW 891 ± 40.8 lbs.) were used in this a completely 
randomized design. Steers were sourced from a single consignment at one South Dakota sale barn and 
delivered to the SERF facilities near Beresford, SD. Steers were processed on September 6, 2019, where BW 
was collected to be used for allotment purposes, a unique identification tag was applied to each steer, vaccines 
administered against respiratory pathogens: infectious bovine rhinotracheitis (IBR), bovine viral diarrhea (BVD) 
types 1 and 2, parainfluenza-3 virus (PI3), and bovine respiratory syncytial virus (BRSV) (Bovi-Shield Gold 5, 
Zoetis, Parsippany, NJ) and clostridial species (Ultrabac 7/Somubac, Zoetis), and administered pour-on 
moxidectin (Cydectin, Bayer, Shawnee Mission, KS). The study was initiated on September 10, 2019 with a 
19-d adaptation period and a 98-d finishing period, resulting in a total experiment length of 117 d. Steers were 
administered a steroidal implant (200 mg trenbolone acetate and 28 mg estradiol benzoate; Synovex Plus, 
Zoetis) on d 19. 
Diets and intake management 
Steers were fed once daily. Steers were stepped up to the final diet over a 19-d period. From d 8 to d 14 Rye 
was introduced to the step up diets at 40% of the ultimate inclusion rate (0, 8, 16, and 24%, respectively) with 
the final proportions of Rye fed in experimental diets from d 15 to d 19. The final diets fed (d 20 to 117) are 
presented in Table 1. Bunks were managed to be slick at 0800h most mornings. Feed intake and diet 
formulations were summarized weekly. Steers that were removed from the study or that died during the study 
were assumed to have consumed feed equal to the pen mean DMI up to the point of removal or death. Two 
steers (one from 60:0 and one from 40:20) died or were removed from the study for reasons unrelated to 
dietary treatment, thus all data are reported on a deads and removals excluded basis.  
Rye was processed by passing whole rye through a roller mill (Lone Star Enterprises, Lennox, SD). Rolls were 
adjusted so that the processing index (PI) for Rye was 78.8 ± 2.29 where PI was defined as the test weight 
(lb/bu) of the grain (as-is) after processing expressed as a percentage of the test weight of the unprocessed 
grain.  
Cattle management and data collection 
Steers were weighed at the time of study initiation, d 19, 47, 75, and the morning of study termination on d 117. 
Body weights were measured before the morning feeding with a 4% pencil shrink applied to initial and final 
BW. Wet weather combined with temperatures generally greater than 32⁰ F during the final 40 d of this 
experiment resulted in greater than normal amounts of mud at harvest. Therefore, carcass-adjusted 
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performance using HCW adjusted to a common dressing percentage of 62.5% was used to determine 
cumulative performance and efficiency measures with unshrunk BW used for interim performance measures. 
Steers were weighed off test on d 117 when they were visually appraised to have 0.5 in of fat at the 12th rib 
(RF). Cattle were shipped 48 h after final BW determination and harvested the next day at Tyson Fresh Meats 
in Dakota City, NE. Steers were commingled at the time of study termination and remained as such until 0700h 
the morning after shipping. Prevalence of abscessed livers and abscess severity were determined by a trained 
technician using the Elanco system as Normal (no abscesses), A- (1 or 2 small abscesses or abscess scars), 
A (2 to 4 well organized abscesses less than 1 in diameter), or A+ (1 or more large active abscesses greater 
than 1 in diameter with inflammation of surrounding tissue). Video image data were obtained from the plant for 
ribeye area, RF, calculated USDA Yield Grade (YG), and USDA marbling scores. Dressing percentage was 
calculated as HCW/(final BW × 0.96). Estimated empty body fat (EBF) percentage and final BW at 28% EBF 
(AFBW) were calculated from observed carcass traits (Guiroy et al., 2002), and proportion of closely trimmed 
boneless retail cuts from carcass round, loin, rib, and chuck (Retail Yield, RY; (Murphey et al., 1960). 
Performance-adjusted Net Energy (paNE) was calculated from daily energy gain (EG; Mcal/d): EG = (carcass-
adjusted ADG from d 20 to 117)1.097 × 0.0557W0.75, where W is the mean equivalent shrunk BW [shrunk 
BW × (478/AFBW), kg; (NRC, 1996)] for the period from d 20 to 117. Maintenance energy required (EM; 
Mcal/d) was calculated by the following equation: EM = 0.077BW0.75 (Lofgreen and Garrett, 1968) where BW 
is the mean shrunk BW (using the average of carcass-adjusted final BW and BW from d 20). Using the 
estimates required for maintenance and gain the paNEm and paNEg values (Owens and Hicks, 2019) of the 
diet were generated using the quadratic formula: 𝑥 =  
−𝑏±√𝑏2−4𝑎𝑐
2𝑐
, where x = NEm, Mcal/kg, a = -0.41EM, b = 
0.877EM + 0.41DMI + EG, c = -0.877DMI, and NEg was determined from: 0.877NEm – 0.41 (Zinn and Shen, 
1998; Zinn et al., 2008).  
The comparative NEm values for rye were estimated using the replacement technique. Given that the NEm 
value of dry-rolled corn was 0.98 Mcal/lb (NASEM, 2016), the comparative NEm values for rye were estimated 
as follows (Estrada-Angulo et al., 2019): Rye NEm, Mcal/kg = [(test diet paNEm – control diet paNEm)/RYEy] + 
2.17, where RYEy represents the inclusion of rye that replaced dry-rolled corn in the diet (0.1991, 0.3993, and 
0.6004), respectively. The same was done for NEg, assuming the dry-rolled corn had a NEg value (Mcal/lb) of 
0.68 (NASEM, 2016). Associative effects of feeding combinations of DRC and Rye on ADG and G:F were 
determined by subtracting the observed performance from the expected values (Huck et al., 1998). Expected 
ADG for steers fed 20% Rye was calculated as (0.667 × ADG for steers fed 60:0) + (0.333 × ADG for steers 
fed 0:60). The same formula was used to calculate ADG for the two-thirds Rye combination. Similar formulas 
were used to calculate the associative effect of gain to feed. 
Statistical analysis 
Growth performance, carcass traits, and efficiency of dietary energy utilization were analyzed as a completely 
randomized design using the MIXED procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) with pen as the 
experimental unit. The model included fixed effect of dietary treatment. Least squares means were generated 
using the LSMEANS statement of SAS and treatment effects were evaluated using orthogonal polynomials 
(Steel and Torrie, 1960). Dry matter intake was evaluated in the MIXED procedure of SAS 9.4, using repeated 
measures, the model included the fixed effects of treatment, day, and their interaction; day was included as the 
repeated variable; pen was considered the experimental unit. The covariance structure with the lowest Akaike 
information criterion was used. Distribution of USDA Yield and Quality grade, as well as liver abscess severity 
and prevalence data were analyzed as binomial proportions in the GLIMMIX procedure of SAS 9.4 with fixed 
effects in the model as described previously. An α of 0.05 or less determined significance and tendencies are 
discussed between 0.05 and 0.10. 
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Results and Discussion 
Animal growth performance 
During the adaption phase (d 1 to d 19), Rye increased ADG (P = 0.01) and reduced F:G (P = 0.01) as shown 
in Figure 1. Over the course of the experiment, DMI for 20:40 and 0:60 plateaued resulting in linear decreases 
in DMI with increased inclusions rate of rye (P = 0.02, Figure 2). 
The effect of replacing DRC with Rye on animal growth performance and dietary energy are shown in Table 2. 
Replacement of DRC with Rye decreased (linear effect, P = 0.01) carcass-adjusted final BW, decreased (linear 
effect, P = 0.01) DMI, increased (linear effect, P = 0.01) F:G, and decreased (linear effect, P ≤ 0.01) observed 
dietary NE.  
Replacement of DRC with Rye did not influence (P ≥ 0.31) observed/expected dietary NE. The lack of 
differences for observed/expected dietary NE ratio lends support to the reliability of tabular NE values for feed 
ingredients used in the present study. Based on observed performance from d 19 to 117 (the time the steers 
were on the final diet and DMI was near the steers acclimated plateau), the estimated replacement NEm and 
NEg value for Rye were 86.18 and 56.69 Mcal/cwt, respectively (Table 2). The positive associative effect for 
replacing one-third of the DRC with Rye for ADG and G:F was 3.8 and 3.1 percent, respectively. This is 
consistent with the 9.5 and 12.8% increased NEm and NEg estimates observed in this study for rye fed at 20% 
of diet DM compared to 60% inclusion.  
Carcass trait responses 
Treatment effects on carcass characteristics and liver abscess severity and prevalence are shown in Table 3. 
Replacement of DRC with Rye decreased (linear effect, P ≤ 0.04) HCW, REA, and final BW adjusted to 28% 
EBF. Replacement of DRC with Rye decreased dressing percentage (quadratic effect, P = 0.02), with 
responses maximal at the 20:40 and 0:60 level. There were no treatment effects (P ≥ 0.09) on distribution of 
USDA Yield or Quality Grade, or liver abscess prevalence or severity. 
Implications 
Our results show that hybrid rye can be successfully fed to finishing beef steers. Blends of two-thirds DRC to 
one-third rye were the optimal inclusions rate of hybrid rye in the current experiment compared to increased 
inclusions of hybrid rye. These results should provide additional confidence that utilizing hybrid rye in finishing 
cattle diets is a viable marketing option for hybrid cereal rye if this crop is more widely adopted in the region. 
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Tables 
Table 1. Composition of experimental finishing diets fed to steers from d 19 to 117 (DM basis). 
Item 
DRC:Rye grain inclusion (DM basis) 
60:0 40:20 20:40 0:60 
Ingredient composition (%, DM) 
Dry rolled corn 60.34 40.33 20.22 0.00 
Hybrid rye 0.00 19.91 39.93 60.04 
MDGS1 18.90 18.95 19.00 19.04 
Corn silage 16.84 16.89 16.93 16.97 
Liquid Supplement2 3.91 3.92 3.93 3.94 
Nutrient composition (DM basis)3 
NEM, Mcal/cwt 94.20 91.40 88.59 85.75 
NEG, Mcal/cwt 63.82 61.42 59.01 56.59 
CP, % 12.78 13.62 14.47 15.32 
NDF, % 18.90 20.91 22.94 24.98 
ADF, % 9.88 11.10 12.32 13.54 
Ash, % 4.83 4.92 5.01 5.09 
Ether extract, % 4.69 4.35 4.01 3.67 
1 MDGS, modified distillers grains plus solubles 
2 Provided 30 g/ton of monensin as well as vitamins and minerals to exceed requirements (NASEM, 2016) 
3 Tabular NE from (Preston, 2016) and actual nutrient compositions from weekly assays of the ingredients. 
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Table 2. Influence of replacing dry-rolled corn (DRC) with Rye grain on growth performance and dietary energy 
of feedlot steers. 
Item 
DRC:Rye grain inclusion, % DM basis 
SEM 
P –value 




Pens, n  6 6 6 6 - - - - 
Steers, n 59 59 60 60 - - - - 
Cumulative 
Initial BW, lb1 885 890 892 896 - - - - 
Final BW, lb2 1432 1429 1393 1367 10.8 0.01 0.01 0.32 
ADG, lb 4.68 4.60 4.28 4.03 0.094 0.01 0.01 0.36 
DMI, lb 28.01 27.71 27.29 26.74 0.148 0.01 0.01 0.42 
F:G 6.01 6.03 6.38 6.63 0.110 0.01 0.01 0.32 
G:F 0.167 0.166 0.157 0.150 0.0030 0.02 0.01 0.38 
Energetics assessment period (d19 to 117)  
d 19 BW, lbs1 941 952 963 972 5.0 0.01 0.01 0.84 
Final BW, lb2 1432 1429 1393 1367 10.8 0.01 0.01 0.32 
ADG, lb 5.01 4.86 4.38 4.03 0.117 0.01 0.01 0.40 
Associative effect, %3 - 3.8 0.5 - - - - - 
DMI, lb 29.40 29.02 28.51 27.86 0.176 0.01 0.01 0.43 
F:G 5.89 5.99 6.51 6.92 0.128 0.01 0.01 0.25 
G:F 0.170 0.167 0.154 0.145 0.0034 0.01 0.01 0.39 
Associative effect, %3 - 3.1 0.7 - - - - - 
Observed dietary NE, Mcal/cwt 
Maintenance 93.98 93.20 89.71 86.54 1.225 0.01 0.01 0.34 
Gain 63.82 63.14 60.08 57.30 1.075 0.01 0.01 0.34 
Observed/Expected dietary NE ratios 
Maintenance 0.99 1.02 1.01 1.01 0.014 0.31 0.65 0.36 
Gain 1.00 1.03 1.02 1.01 0.018 0.35 0.73 0.35 
Estimated NE value of Rye, Mcal/cwt 
Maintenance - 94.35 87.54 86.18 - - - - 
Gain - 63.96 58.06 56.70 - - - - 
1 Body weight (BW) was shrunk 4% to account for digestive tract fill. 
2 Calculated as: HCW/0.625. 
3 Calculated as [(observed – expected)/expected] × 100. 
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Table 3. Influence of replacing dry-rolled corn (DRC) with Rye grain on carcass traits and liver abscess 
prevalence in feedlot steers. 
Item 
DRC:Rye grain inclusion, % DM basis 
SEM 
P –value 





Final BW, lb1 1489 1509 1491 1459 11.4 0.82 0.05 0.04 
HCW, lbs 895 892 871 855 6.7 0.01 0.01 0.33 
DP, %2 60.10 59.12 58.42 58.56 0.221 0.01 0.01 0.02 
RF, in 0.51 0.51 0.51 0.49 0.014 0.78 0.46 0.55 
REA, in2 12.91 13.12 12.72 12.53 0.155 0.52 0.04 0.22 
Marbling 474 478 485 445 11.3 0.74 0.14 0.07 
KPH, % 1.79 1.80 1.81 1.79 0.014 0.59 0.71 0.48 
YG 3.40 3.32 3.37 3.32 0.063 0.43 0.54 0.85 
RY3, % 49.67 49.83 49.72 49.82 0.136 0.46 0.60 0.82 
EBF4, % 30.29 30.19 30.43 29.78 0.253 0.59 0.27 0.29 
AFBW5, lb 1321 1320 1281 1279 9.9 0.02 0.01 0.99 
YG dist. 
1, % 1.67 0.00 0.00 0.00 0.833 - 0.41 - 
2, % 13.70 23.89 11.67 21.67 5.261 - 0.31 - 
3, % 64.26 64.26 78.33 70.00 8.218 - 0.59 - 
4, % 20.37 11.85 10.00 8.33 5.453 - 0.43 - 
QG dist. 
Select, % 20.56 15.00 13.33 30.00 4.966 - 0.11 - 
Choice, % 50.37 50.93 53.34 48.33 7.590 - 0.97 - 
Prem. Ch.,% 29.07 34.07 30.00 21.67 6.517 - 0.60 - 
Prime, % 0.00 0.00 3.33 0.00 1.054 - 0.09 - 
Liver Scores 
Normal, % 69.44 74.63 65.00 70.00 4.909 - 0.60 - 
A-, % 13.52 5.00 13.33 13.33 4.419 - 0.46 - 
A, % 8.52 10.00 6.67 6.67 3.360 - 0.87 - 
A+, % 8.52 10.37 15.00 10.00 4.365 - 0.75 - 
1 Live BW from d 117 pencil shrunk 4%. 
2 Calculated as: [(HCW/Final BW) × 100]. 
3 Retail yield 
4 Empty body fat, % 
5 Adjusted final body weight 
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Figure 1. Average daily gain and feed efficiency during adaptation phase (d 1 to d 18) 
Figure 2. Treatment effects on dry matter intake (lb/head/day) 
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Beef Day 2021 
Effect of corn silage inclusion level and steroidal 
implant type on growth performance, dietary net 
energy utilization, beef production per acre and 
apparent total tract digestibility in feedlot finishing 
steers. 
Elizabeth Buckhaus, Warren Rusche, Zachary Smith  
Objective 
The experimental objective was to determine the influence corn silage inclusion level and terminal implant type 
have on animal performance, carcass traits, and beef production per acre of cropland in finishing steers 
harvested at a common fatness endpoint. 
Study Description 
Maine-Anjou × Angus beef steers (n = 156 steers; initial BW 807 ± 81.9 lbs) were used in a 2 × 2 factorial 
arrangement finishing experiment at the Ruminant Nutrition Center in Brookings, SD. Steers were weighed on 
2 consecutive days and assigned into 5 weight blocks. Dietary treatments consisted (DM basis) of 1) 15% 
(CS15) or 2) 30% corn silage (CS30). Implant treatments consisted of 1) Coated implant, 200 mg trenbolone 
acetate (TBA), 28 mg estradiol benzoate (EB) (Synovex ONE Feedlot, ONE) or 2) Non-coated implant, 200 mg 
TBA, 28 mg EB (Synovex PLUS; PLUS). 
Take Home Points 
Feeding CS15 resulted in greater carcass-adjusted growth performance and HCW. No differences in beef 
produced per acre of crop land was observed, meaning producers can feed greater inclusions of corn silage to 
finishing cattle without impacting carcass quality or beef production. Implanting cattle with a coated implant had 
no detrimental effect on growth performance or carcass traits, but increased marbling scores. 
Introduction 
Corn silage is a prevalent feed ingredient used by beef producers in the Midwest region of the United States. 
Corn silage is a readily available source of energy and fiber for cattle producers and can be used to market 
home-raised feedstuffs through cattle. Long held paradigms insist that the most effective use of corn silage is 
in growing cattle diets, and in finishing cattle, that corn silage inclusion be limited to the amount that is 
necessary to provide sufficient fiber to maintain ruminal health. Many integrated crop-livestock systems may 
desire to increase the utilization of corn silage for a variety of reasons such as undesirable weather conditions 
and workload demands at harvest, and demand for field corn depending upon geographical location. Increased 
inclusion rates of corn silage in finishing diets may be economically beneficial, primarily associated with the 
level of integration between crops and livestock. The majority of studies evaluating corn silage inclusion 
measure efficiency on an individual animal basis, few have evaluated corn silage inclusion in terms of the 
amount of beef that can be produced from a fixed land basis, which is highly important in an integrated crop-
livestock system.  
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Steroidal hormones with anabolic activity have been safely used in U.S. beef production since 1956. Anabolic 
implants containing trenbolone acetate (TBA) and estradiol-17β (E2) have been approved for use in confined 
finishing cattle by the U.S. Food and Drug Administration (FDA) for over 26 y. Implants increase frame size 
and delay fattening. In the last 13 y, the FDA has approved four TBA + E2 coated implants that extend 
hormonal release to 200 d post-implantation for use in feedlot cattle. 
The experimental objective was to determine the influence corn silage inclusion level and terminal implant type 
have on animal performance, carcass traits, and beef production per acre of cropland in finishing steers 
harvested at a common fatness endpoint. 
Experimental Procedures 
All procedures involving the use of animals in this experiment were approved by the South Dakota State 
University Institutional Animal Care and Use Committee (Approval #19-026E). 
Animal Management, Dietary and Implant Treatments 
Maine-Anjou × Angus crossbred beef steers (n = 156 steers; initial BW 807 ± 81.9 lbs) were used in a 132 
finishing study that was conducted at the Ruminant Nutrition Center (RNC) in Brookings, SD. There were 7 to 8 
steers assigned to each of the 20 pens used in this experiment. The steers used in this experiment were 
procured in the fall of 2019 and were used in an unrelated receiving and backgrounding phase experiment. 
The steers were selected for uniformity from a pool of 199 steers. All 199 steers were weighed on d -1 and this 
BW was used for allotment purposes. The final pool of 156 steers were stratified by weight into 5 weight 
blocks. Once assigned to BW blocks, steers were assigned by random sequence to diet; steers were then 
sorted by BW within each block and diet and assigned by random sequence to implant treatment.  
The BW measures collected on d -1 and 1 were shrunk 4% to account for digestive tract fill, and then averaged 
to determine the initial on-test BW. Steers received their respective implant treatment on study d 1. Implants 
used were: 1) Synovex PLUS (non-coated implant; 200 mg TBA and ~20 mg E2; PLUS) and 2) Synovex ONE 
Feedlot (coated implant; 200 mg TBA and ~20 mg E2; ONE-F), implant retention was evaluated on d 28 by a 
single trained evaluator, abnormal implant rate was 12.2%: abnormalities included abscessed (1 steer), 
abscessed out (1 steer), hard (1 steer), knot (1 steer), partial (3 steers), and soft inflammation (12 steers). 
Severe abnormalities including abscessed and abscessed out rate was only 1.3%. The steer identified as 
abscessed out was re-administered the treatment implant during the interim weighing procedure on d 28. The 
dietary treatments included (DM basis): 1) 15% corn silage (15) or 2) 30% corn silage (30) where corn silage 
displaced corn grain in the diet. Thus, treatments were arranged in a 2 × 2 factorial arrangement consisting of: 
1) PLUS/15, 2) PLUS/30, 3) ONE-F/15, and 4) ONE-F/30. 
Test diets were fed beginning on study d 1 (Table 1) and fed at 2% of BW (DM basis). Intake was by 
prescription for the transition to ad libitum feeding, which required approximately 21 d (varying among pens). 
All steers were fed diets twice daily in equal portions. Feed deliveries were managed so that there was minimal 
day-to-day variation in the quantity of feed delivered, and such that only a small portion of feed remained in the 
bunks each morning. Feed ingredients were sampled weekly for determination of DM, CP, NDF, ADF, and ash 
content (the NDF and ADF of DRC and HMC was assumed at 9 and 3%, respectively). Targeted inclusion of 
corn silage in the test diets was achieved; composition of the test diets (Table 1) was reconstructed from actual 
feed batching records and weekly ingredient composition along with tabular energy values (Preston, 2016); 
intake records were compiled at 7 d intervals. Steers that were removed from the study or that died during the 
study were assumed to have consumed feed equal to the pen mean DMI up to the point of removal or death. A 
total of seven steers were removed during the course of the study due to health reasons not related to 
treatment. One steer was from PLUS/15 and was removed due to irresolvable diphtheria, two steers were 
removed from ONE-F/15 due to irresolvable pneumonia (1 steer) and heart failure (1 steer), respectively, three 
steers were removed from PLUS/30 due to pneumonia (1 steer), poor weight gain (1 steer), and heart failure (1 
steer), respectively, one steer was removed from ONE-F/30 due to irresolvable bloat. All pen mean BW data 
were recalculated after these individuals were deleted from the data set.  
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Growth Performance Calculations 
Individual steer BW was recorded for each animal at d -1, 1, 28, 56, 84, 112, and on d 132 the morning prior to 
shipment for the calculation of live growth performance. Body weights were measured prior to the morning 
feeding; a 4% pencil shrink was applied to initial (average of d -1 and 1) and final BW, carcass-adjusted 
performance was calculated from HCW/0.63. 
NE Calculations 
Observed dietary NE was calculated using live shrunk-basis growth performance, and from daily energy gain 
(EG; Mcal/d): EG = ADG 1.097 0.0557W0.75, where W is the mean equivalent shrunk BW [kg; (NRC, 1996)]. 
Using final BW at 28% empty body fat (EBF) as mature final BW (NRC, 1996; Guiroy et al., 2001). 
Maintenance energy (EM) was calculated by the equation: EM = 0.077(median feeding BW 0.75). Dry matter 
intake is related to energy requirements and dietary NEm according to the following equation: DMI = 
EG/(0.877NEm − 0.41), and can be resolved for estimation of dietary NEm by means of the quadratic formula 
x =(−b − √(b2− 4ac))/2c, where a = −0.41EM, b = 0.877EM + 0.41DMI + EG, and c = −0.877DMI (Zinn and 
Shen, 1998). Dietary NEg was derived from NEm by the following equation: NEg = 0.877NEm − 0.41 (Zinn, 
1987). 
Beef Production per acre calculations 
Beef production per acre of crop production was calculated from actual intake of corn silage and corn (DRC 
and HMC) for each pen. These calculations were done using the weekly diet compositions and DMI records. 
Corn silage yield was assumed to be (as-is basis) 22.5 tons/acre. Corn yield (bu/acre) was estimated from corn 
silage yield using the following equation: corn silage yield (as-is basis; tons/acre) × 8. Thus, the assumed field 
corn yield (85% DM) was 180 bu/acre. To estimate the HMC corn yield, field corn was corrected to DM basis 
(assuming 85% DM for field corn) and divided by the actual DM of the HMC fed (69.89% DM for HMC). 
Cropland required was the sum of pounds consumed/yield for corn and corn silage. Beef production per acre 
was then calculated as: (Final BW-shrunk initial BW)/acres (on both a live-shrunk and carcass-adjusted final 
BW basis). 
Carcass trait calculations 
Cattle were shipped when they were visually appraised to have approximately 0.40 in of rib fat (RF). Cattle 
were shipped on June 12, 2020 and harvested the following day at Iowa Premium Beef in Tama, IA. Steers 
were co-mingled at the time of shipping and remained as such until 0700h the morning following shipping. 
Individual steer identity was tracked through the harvest facility. Hot carcass weight was recorded at the hot 
scale during the tag transfer procedure. Carcass traits such as rib eye area (REA), RF, and USDA marbling 
scores were obtained from trained personnel at the packing plant. Dressing percentage (DP) was calculated 
as: HCW/(Final BW × 0.96). Yield grade was determined using the USDA regression equation (USDA, 1997). 
Estimated empty body fat percentage was calculated using carcass traits and BW at 28% EBF was estimated 
using equations described previously (Guiroy et al., 2001; Guiroy et al., 2002). Estimated proportion of closely 
trimmed boneless retail cuts from carcass round, loin, rib, and chuck (Retail Yield) was also calculated from 
carcass traits (Murphey et al., 1960). 
Statistical analysis 
Growth performance was calculated on a deads and removals- excluded basis. Growth performance and 
carcass traits were analyzed as a randomized complete block design using the GLIMMIX procedure of SAS 
9.4 (SAS Inst. Inc., Cary, NC) with pen as the experimental unit. Categorical data (i.e. USDA Quality grade and 
Yield grade) were analyzed as binomial proportions using the GLIMMIX procedure of SAS 9.4 (SAS Inst. Inc.). 
For all analyses, the model included the fixed effects of steroidal implant, corn silage inclusion level, and their 
interaction; block was considered a random effect. Least squares means were generated using the LSMEANS 
statement of SAS. Data means were separated and denoted to be different using the pairwise comparisons 
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PDIFF and LINES option of SAS when a significant preliminary F-test was detected. An α of 0.05 determined 
significance and tendencies are discussed from 0.05 to 0.10. 
Results and Discussion 
Interim and cumulative un-shrunk steer growth performance is presented in Table 2. Cumulative shrunk (4% 
shrink to account for digestive tract fill), carcass adjusted (HCW/0.63), and beef production per acre of 
cropland is presented in Table 3. A silage × implant interaction was detected (P ≤ 0.03) for initial to d 28 ADG 
and F:G. steers from PLUS/15 had a greater ADG compared to ONE-F/15 and PLUS/30, while ONE-F/30 was 
intermediate. Intakes did not differ among treatments during the initial 28 d, and steers from PLUS/15 exhibited 
the lowest F:G compared to all other treatments. This response is likely a function of rapid implant payout from 
PLUS coupled with the greater diet energy content of the 15 diet (Johnson et al., 2019; Smith et al., 2019; 
Smith et al., 2020). There was a tendency (P = 0.10) for steers fed 30 to have greater DMI compared to 15 
from d 113 to 132. No other differences (P ≥ 0.14) were detected for the main effects of silage or implant for 
un-shrunk live basis interim growth performance.  
No interaction of silage × implant (P ≥ 0.22) or the main effects of silage (P ≥ 0.19) or implant (P ≥ 0.85) were 
detected for live-basis cumulative shrunk growth performance in the present experiment. No interaction of 
silage × implant (P ≥ 0.30) were detected for carcass-adjusted basis cumulative growth performance in the 
present experiment. The main effect of silage inclusion level influenced (P ≤ 0.02) carcass-adjusted final BW, 
ADG, and F:G. Increased carcass-adjusted final BW, ADG, and improved F:G for the steers fed 15% corn 
silage was due to differing dressed yield and digestive fill that was not accounted for due to a common pencil 
shrink that was applied for live basis shrunk growth performance. The main effect of terminal implant did not 
alter (P ≥ 0.54) any carcass adjusted growth performance responses in the present experiment. No interaction 
of silage × implant (P ≥ 0.85) or the main effects of silage (P ≥ 0.15) or implant (P ≥ 0.90) were detected for 
observed dietary NE based upon performance or the ratio of observed to expected dietary NE in the present 
study. 
No interaction of silage × implant (P ≥ 0.70) or the main effects of silage (P ≥ 0.13) or implant (P ≥ 0.56) were 
detected for agronomic returns (live basis or carcass-adjusted basis beef produced per acre of cropland) in the 
present experiment. Interestingly, a near tendency (P = 0.13) for greater levels of corn silage inclusion to 
increase beef production per acre of cropland on a live basis. However, this was not the case on a carcass-
adjusted basis, likely for the same reasons illustrated above in regards to a generic pencil shrink application 
when diets of differing NDF content are fed, and steers are harvested at an equal duration of days on feed. 
This study does demonstrate that depending upon environmental conditions and workload demands at 
harvest, that producers can effectively feed greater amounts of corn silage to finishing cattle with no negative 
impact on beef production per acre of cropland which is major importance to integrated crop-livestock 
producers. 
Carcass trait responses are located in Table 4. No interaction of silage × implant (P ≥ 0.16) was detected for 
any carcass trait parameters. Silage inclusion level did not influence (P ≥ 0.16) REA, RF, USDA marbling 
score, calculated yield grade, retail yield, estimated EBF, final BW at 28% EBF, or the distribution of USDA 
Quality or Yield grades. Feeding a lower inclusion level of corn silage in the finishing diet did increase (P = 
0.01) dressing percentage and increased (P = 0.02) HCW. Implant type did not influence (P ≥ 0.14) dressing 
percentage, HCW, ribeye area, rib fat, calculated yield grade, retail yield, estimated EBF, body weight at 28% 
EBF, or the distribution of USDA Quality and Yield grades. Coated implant (ONE-F) did result in greater (P = 
0.02) marbling scores compared to non-coated implant (PLUS) and this is likely due to alterations of implant 
type on adipogenic gene expression (Smith et al., 2017; Kim et al., 2018; Smith et al., 2019) although this was 
not evaluated in the present study. 
Implications 
These data indicate that feeding greater levels of corn silage in the finishing diet does not influence live basis 
growth performance, but decreases carcass –adjusted basis growth performance. These differing responses 
could be exploited depending upon the way cattle are marketed (live or dressed). If steers are sold on a 
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
24 
carcass weight basis, a lower level of corn silage can result in greater HCW when cattle are harvested at an 
equal days on feed. Level of silage in the finisher did not influence agronomic returns per acre of cropland 
suggesting that depending upon environmental condition and workload demands at harvest time, integrated 
crop-livestock systems can feed greater levels of corn silage without detriment to returns to a fixed land base. 
Terminal implant type (coated vs. non-coated) did not influence steer growth performance or HCW, but did 
influence marbling scores. Use of these differing technologies in practice should be determined upon the 
method in which the beef cattle are marketed, cost of the implant, and the improvements in revenue for cattle 
that are rewarded a premium for greater quality grades.  
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Tables 
Table 1. Experimental diets.1, 2 
Item Lo 
1 to 98 d 
(sd) Lo 
99 to 132 d 
(sd) (sd)3 Hi (sd) Hi 
Samples, n 15 - 15 - 5 - 5 - 
High moisture corn, % 36.03 (0.287) 28.50 (0.314) - - - - 
Dry rolled corn, % 36.61 (0.346) 28.97 (0.397) 73.00 (0.230) 57.87 (0.295) 
Corn silage 15.34 (0.445) 30.55 (0.729) 15.24 (0.171) 30.40 (0.277) 
Suspension supplement4, % 5.02 (0.052) 5.00 (0.072) 4.90 (0.065) 4.89 (0.063) 
Pelleted supplement5, % 7.00 (0.063) 6.98 (0.093) 6.86 (0.079) 6.84 (0.075) 
DM, % 64.32 (0.667) 54.56 (0.783) 69.59 (0.921) 57.82 (0.752) 
CP, % 12.32 (0.459) 12.07 (0.456) 11.85 (0.265) 11.49 (0.298) 
NDF, % 13.57 (0.599) 18.53 (1.194) 14.18 (0.402) 19.74 (0.785) 
ADF, % 6.12 (0.249) 9.20 (0.484) 6.20 (0.176) 9.37 (0.358) 
Ash, % 4.87 (0.115) 5.34 (0.150) 4.83 (0.194) 5.29 (0.254) 
NEm6, mcal/cwt 94.15 (0.097) 90.06 (0.151) 92.81 (0.062) 89.02 (0.076) 
NEg6, Mcal/cwt 63.55 (0.077) 60.29 (0.124) 62.54 (0.045) 59.51 (0.059) 
1 All values except for DM on a DM basis. 
2 Calculated from weekly ingredient assays and feed batching records. 
3 sd = standard deviation 
4 Provided micronutrients to meet or exceed NRC (1996) requirements and contained 648 g/Mg monensin 
sodium. 
5 Contained (DM basis): 85.70% soybean meal, 2.85% trace mineralized salt, 2.85% urea, and 8.60% dry 
rolled corn. 
6 Based upon tabular NE values for ingredients (Preston, 2016). 
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Table 2. Deads and removals excluded interim (un-shrunk) growth performance responses.1 
Item 
15% CRNSIL 30% CRNSIL 
SEM Silage (S) 
P - value 
S × I PLUS ONE-F PLUS ONE-F Implant (I) 
Pens, n 5 5 5 5 - - - - 
Steers, n 38 37 36 38 - - - - 
Initial BW, lbs 838 849 847 845 - - - - 
Initial to 28 d 
d 28 BW, lbs 959 952 948 958 9.0 0.66 0.79 0.22 
ADG, lbs 4.31a 3.71b 3.61b 4.04ab 0.242 0.31 0.62 0.01 
DMI, lbs 17.39gh 17.32gh 16.52h 18.36g 0.780 0.88 0.14 0.11 
F:G 4.05b 4.70a 4.58a 4.58a 0.179 0.14 0.03 0.03 
d 29 to 56 
d 56 BW, lbs 1073 1058 1066 1075 13.0 0.59 0.80 0.22 
ADG, lbs 4.05 3.79 4.21 4.19 0.319 0.23 0.52 0.59 
DMI, lbs 20.86 20.35 20.92 21.29 0.429 0.12 0.82 0.17 
F:G 5.17 5.41 5.03 5.17 0.378 0.49 0.49 0.84 
d 57 to 84 
d 84 BW, lbs 1188 1183 1185 1190 11.4 0.77 1.00 0.54 
ADG, lbs 4.11h 4.44g 4.26gh 4.10h 0.188 0.50 0.53 0.09 
DMI, lbs 23.75 23.42 23.46 23.70 0.616 0.99 0.92 0.52 
F:G 5.79gh 5.31h 5.56gh 5.80g 0.277 0.51 0.56 0.09 
d 85 to 112 
d 112 BW, lbs 1299 1291 1285 1287 13.0 0.35 0.77 0.57 
ADG, lbs 3.98 3.86 3.56 3.47 0.257 0.05 0.59 0.94 
DMI, lbs 25.21 24.44 25.00 24.63 0.550 0.97 0.17 0.61 
F:G 6.40 6.47 7.14 7.19 0.482 0.05 0.86 0.97 
d 113 to 132 
d 132 BW, lbs 1353 1347 1338 1349 18.4 0.62 0.86 0.51 
ADG, lbs 2.72 2.81 2.67 3.10 0.431 0.70 0.41 0.59 
DMI, lbs 24.69gh 24.37h 25.84g 25.04gh 0.726 0.10 0.29 0.65 
F:G 9.53 9.20 11.50 8.35 1.634 0.64 0.16 0.24 
Initial to d 132 
ADG, lbs 3.90 3.78 3.72 3.82 0.123 0.46 0.89 0.22 
DMI, lbs 22.27 21.88 22.22 22.51 0.372 0.29 0.85 0.22 
F:G 5.70 5.78 5.98 5.90 0.202 0.19 1.00 0.60 
1 No shrink applied to any BW measures.  
a, b Means within a row without a common superscript differ (P < 0.05). 
g, h Means within a row without a common superscript differ (P < 0.10). 
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Table 3. Deads and removals excluded cumulative live (shrunk) and carcass-adjusted growth performance 
responses and beef production per acre of cropland. 
Item 
15% CRNSIL 30% CRNSIL 
SEM Silage(S) 
P - value 
S × I PLUS ONE-F PLUS ONE-F Implant (I) 
Pens, n 5 5 5 5 - - - - 
Steers, n 38 37 36 38 - - - - 
Live basis1 
Initial BW, lbs 805 815 813 811 - - - - 
Final BW, lbs 1299 1293 1284 1295 17.7 0.62 0.86 0.51 
ADG, lbs 3.75 3.63 3.57 3.67 0.118 0.46 0.89 0.22 
DMI, lbs 22.27 21.88 22.22 22.51 0.372 0.29 0.85 0.22 
F:G 5.94 6.02 6.23 6.15 0.211 0.19 1.00 0.60 
Carcass-adjusted basis2 
BW, lbs 1330 1324 1298 1301 14.6 0.02 0.86 0.70 
ADG, lbs 3.98 3.86 3.68 3.71 0.098 0.01 0.54 0.30 
F:G 5.59 5.65 6.03 6.07 0.122 0.01 0.61 0.89 
Observed dietary NE, Mcal/cwt 
Maintenance 92.95 92.95 91.47 91.74 2.317 0.43 0.94 0.94 
Gain 62.92 62.92 61.63 61.86 2.031 0.43 0.94 0.94 
Observed to expected dietary NE3 
Maintenance 0.99 0.99 1.02 1.02 0.025 0.15 0.91 0.87 
Gain 0.99 0.99 1.03 1.03 0.032 0.23 0.90 0.85 
Agronomic return 
Live basis beef 
produced, lbs/acre 
1809 1793 1862 1821 63.0 0.13 0.96 0.70 
Carcass-adjusted beef 
produced, lbs/acre 
1926 1907 1914 1901 37.8 0.76 0.56 0.92 
1 A 4% shrink was applied to all BW measures in order to account for gastrointestinal tract fill. 
2 Calculated from HCW/0.63. 
3 Actual diet NE based upon tabular values and diet formulation were: 93.80 Mcal/cwt or NEm and 63.29 
Mcal/cwt of NEg for 15 CRNSIL; 89.79 Mcal/cwt of NEm and 60.09 Mcal/cwt of NEg for 30% CRNSIL 
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Table 4. Carcass trait responses 
Item 




P - value 
S × I PLUS ONE-F PLUS ONE-F Implant (I) 
Pens, n 5 5 5 5 - - - - 
Steers, n 38 37 36 38 - - - - 
Dressing percent1, % 64.56 64.48 63.69 63.25 0.501 0.01 0.48 0.62 
HCW, lbs 838 834 818 819 9.2 0.02 0.86 0.70 
REA, in2 14.47 14.41 14.33 14.24 0.177 0.24 0.55 0.93 
RF, in 0.45 0.42 0.44 0.39 0.044 0.53 0.22 0.71 
Marbling score2 436 451 429 480 17.5 0.42 0.02 0.16 
YG 2.67 2.61 2.62 2.52 0.139 0.50 0.43 0.87 
Retail Yield, % 50.75 50.88 50.86 51.04 0.279 0.50 0.45 0.88 
Estimated EBF, % 28.54 28.32 28.26 28.12 0.676 0.63 0.71 0.93 
Final BW at 28% EBF, lbs 1299 1301 1278 1286 19.7 0.23 0.74 0.87 
Select, % 31.43 19.64 34.28 19.64 8.459 0.87 0.14 0.87 
Choice, % 63.21 70.00 57.03 63.57 8.369 0.46 0.44 0.99 
Upper Choice, % 5.36 10.36 8.69 8.58 3.827 0.84 0.53 0.51 
Prime, % 0.00 0.00 0.00 8.21 2.812 0.16 0.16 0.16 
Y1, % 10.71 16.78 9.17 13.93 5.303 0.68 0.62 0.90 
Y2, % 62.86 45.36 55.95 42.14 11.956 0.68 0.21 0.88 
Y3, % 26.43 37.86 34.88 43.93 11.479 0.54 0.39 0.92 
1 Calculated as HCW/final BW shrunk 4%. 
2 400 = small00 (USDA Low Choice). 
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Beef Day 2021 
Evaluation of Bacillus subtilis PB6 probiotic 
(CLOSTAT®500) on feedlot phase growth 
performance, efficiency of dietary net energy 
utilization, and fecal and subiliac lymph node 
Salmonella prevalence in spring placement 
yearling beef steers fed in southeastern South 
Dakota 
Zachary K. Smith, P. Rand Broadway, Warren C. Rusche, Julie A. Walker, Keith R. Underwood, and Jerilyn E. 
Hergenreder 
Objective 
The objective of this research was to determine the influence of Bacillus subtilis PB6 administration had on 
growth performance, carcass traits, and Salmonella prevalence in yearling steers placed on feed in March in 
southeastern South Dakota that were not subjected to marketing or environmental stressors during the 
finishing phase. 
Study Description 
Yearling crossbred beef steers (N = 238; initial shrunk BW = 886 ± 68.8 lbs) were used in a 140-d finishing 
study at the Southeast Research Farm (SERF) in Beresford, SD. Steers were allotted to one of 24 pens (N = 9 
to 10 steers/pen) and assigned to one of two dietary treatments (12 pens/treatment): no probiotic (CON) or 0.5 
g·steer-1·d-1 of a Bacillus subtilis PB6 probiotic (CLOSTAT®500, Kemin Industries, Des Moines, IA; CLO). 
Data were analyzed as a randomized complete block design and pen served as the experimental unit; an α of 
0.05 determined significance. 
Take Home Points 
Live-basis final BW and ADG tended (P ≤ 0.06) to be greater for CON. Upon harvest, no Salmonella was 
recovered in any subiliac lymph nodes. Carcass traits were not altered (P ≥ 0.08) by dietary treatment. 
Salmonella was not observed in the subiliac lymph nodes of any steers upon harvest. If Salmonella is 
determined to be an adulterant in raw beef products, then cattle feeders might be able to exploit regional 
differences in Salmonella prevalence and regional based assessment of identified feed additives that have 
proven efficacy to mitigate Salmonella prevalence in beef cattle should be conducted. 
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Introduction 
Food safety is an issue of concern for producers, consumers, and processors of livestock products. Food-
borne pathogens such as Salmonella can result in human disease. Recently, there have been efforts to include 
specific Salmonella serotypes as adulterants in raw beef products (Gremillion, 2018). Furthermore, as of 
summer 2020, United States Department of Agriculture-Food Safety and Inspection Service (USDA-FSIS) has 
received a citizen petition asking to declare 31 Salmonella serotypes as adulterants of meat and poultry 
products (FSIS Salmonella Petition 1.19.20). Salmonella can infect the gastrointestinal tract of beef animals at 
a variety of time points in the life of the beef animal (Gragg et al., 2013; Broadway et al., 2020). In the United 
States, there are regional differences in Salmonella prevalence in fed cattle populations (Green et al., 2010; 
Gragg et al., 2013). Steers fed and harvested in the Northern Plains region of the United States (e.g., South 
Dakota) have been shown to have little to no Salmonella positive lymph nodes in upon harvest (Gragg et al., 
2013). Salmonella can proliferate in the gastrointestinal tract and subsequently takes residence in subiliac 
lymph nodes where it can then contaminate beef trim (Gragg et al., 2013; Gremillion, 2018). Many cattle may 
harbor and shed Salmonella but remain asymptomatic; however, there is still the risk of reduced feed intake 
and growth performance in these cattle infected with Salmonella. Currently, many antimicrobial alternatives are 
being investigated to determine their pre-harvest efficacy to reduce foodborne pathogens (Broadway et al., 
2014). One of the primary goals of the feedlot industry is to increase animal growth performance and gain 
efficiency during all stages of the feedlot production phase. Production enhancement technologies (e.g., 
steroidal implants with anabolic activity and beta-adrenergic agonist) are routinely employed in North American 
feedlots to increase production efficiencies (Johnson et al., 2013; Smith and Johnson, 2020). Additionally, feed 
grade and injectable antimicrobials are used in North American beef production to prevent and treat illness in 
cattle. The safety of these production enhancement technologies, feed grade and injectable antimicrobials 
have been confirmed through many thorough evaluations; however, there is still widespread concern 
surrounding the safety of these products amongst consumers (Sánchez-Mendoza et al., 2014). Thus, there 
has been considerable attention focused on non-pharmaceutical antibiotic alternatives to the use of these 
compounds in food production (Sánchez-Mendoza et al., 2014). Bacillus subtilis PB6 (CLOSTAT®500, Kemin 
Industries, Des Moines, IA) is a patented spore-forming bacterium that has been shown to impact clostridia 
and Salmonella in livestock species (Broadway et al., 2020; Smock et al., 2020b). Reducing subclinical illness 
in livestock that is associated with Clostridia and Salmonella challenges can in turn improve immunological 
responses to more severe diseases associated with the respiratory tract in cattle. This ultimately could reduce 
the need for therapeutic and sub-therapeutic administration of antimicrobials during the feedlot production 
phase, and in turn enhance growth performance and growth efficiency (Broadway et al., 2020). The objective 
of this research was to determine the influence of Bacillus subtilis PB6 administration in yearling feedlot steers 
on growth performance, efficiency of dietary net energy (NE) utilization, carcass trait responses, and 
Salmonella prevalence.  
Experimental Procedures 
Animal care and handling procedures used in this study were approved by the South Dakota State University 
Animal Care and Use Committee (Approval Number: 2003-019E). The study was conducted at the Southeast 
Research Farm (SERF) Feedlot located near Beresford, SD (43.0805° N, 96.7737 °W). 
Dietary Treatments 
This study used 12 replicate pens of 9 to 10 steers/pen assigned to one of two dietary treatments. Dietary 
treatments included: 
1) No probiotic (CON).  
2) Fed 0.50 g·steer-1·d-1 of a Bacillus subtilis PB6 probiotic (CLOSTAT®500, Kemin Industries, Des 
Moines, IA; CLO). 
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Animal, initial processing, and study initiation  
A total of 238 crossbred beef steers (initial BW 886 ± 68.8 lbs) were used in this study. Steers were sourced 
from a grow yard in northwest Iowa and transported 99 miles to the SERF on March 17, 2020. All steers were 
processed on March 20, 2020. At the time of initial processing, individual body weight (BW) was collected, and 
a unique identification tag was applied to each steer. Steers were also vaccinated against respiratory 
pathogens: infectious bovine rhinotracheitis (IBR), bovine viral diarrhea (BVD) types 1 and 2, parainfluenza-3 
virus (PI3), and bovine respiratory syncytial virus (BRSV) (Bovi-Shield Gold® 5, Zoetis, Parsippany, NJ) and 
clostridial species (ULTRABAC® 7/Somubac®, Zoetis), administered pour-on moxidectin (Cydectin®, Bayer 
Healthcare LLC, Pittsburgh, PA) and administered a steroidal implant (200 mg trenbolone acetate and 28 mg 
estradiol benzoate; SYNOVEX® PLUS, Zoetis). On study d 28, all steers were re-vaccinated for clostridial 
species (ULTRABAC® 7/Somubac®, Zoetis). The study was initiated on March 23, 2020 (6 d following arrival to 
the SERF). Steers were housed in open-lot, soil-surfaced pens, with 20.0 ft of bunk space, a 19.7 ft concrete 
bunk apron, and 650 or 585 ft2 of pen space per steer (9 or 10 steers/pen). 
Weather measurement and THI estimation 
Climatic variables (ambient temperature, relative humidity, and wind speed) were obtained every 5 min from a 
weather station (Mesonet at SDState) located at the SERF throughout the experimental period. The 
Temperature-humidity index (THI) was calculated using the following formula: THI = 0.81 × ambient 
temperature, °C + [relative humidity × (ambient temperature, °C - 14.40)] + 46.40 (Hahn, 1999). 
Diet and intake management 
Steers were fed once daily in the morning. Bunks were managed to be slick to traces of feed (less than 1 lb) at 
0700 h. Steers were stepped up to their final diet over a 14-d period with two step-up diets fed. Feed intake 
and diet formulations were summarized at weekly intervals. Steers were fed common diets only differing in 
regards to the addition of the Bacillus subtilis PB6 probiotic (Table 1). Individual ingredient samples (except for 
the dietary treatment pellet and liquid supplement) were collected weekly and dry matter (DM) calculated after 
drying in a forced-air oven at 140°F until no further weight change to determine DM intake (DMI). Proximate 
analysis of each ingredient (except for pelleted treatment supplement and liquid supplement) was conducted 
weekly according to: DM [method no. 935.29; (AOAC, 2012)], N [method no. 968.06; (AOAC, 2016); Rapid 
Max N Exceed; Elementar; Mt. Laurel, NJ], and ash [method no. 942.05; (AOAC, 2012)]. Modified distillers 
grains samples were analyzed for ether extract content using an Ankom Fat Extractor (XT10; Ankom 
Technology, Macedon, NY) and tabular values for the remainder of the ingredients were used (NASEM, 2016). 
Percentages of ADF and NDF were assumed to be 3 and 9% for corn, respectively. Analysis of ADF and NDF 
composition for all other ingredients was conducted as described by (Goering and VanSoest, 1970). 
Weekly DM and assayed nutrient composition values were used to tabulate actual DM ingredient inclusions 
and assayed nutrient composition of the diets fed along with tabular ingredient energy values presented in 
Table 1 according to (NASEM, 2016).  
Cattle management and growth performance parameters 
Steer BW was recorded at the time of study initiation and on d 28, 56, 84, 112, and 140 for the calculation of 
average daily gain (ADG) and feed conversion efficiency (G:F). Body weights were measured before the 
morning feeding and a 4% pencil shrink was applied to initial BW and final BW (BW from d 140) for the 
calculation of cumulative steer growth performance. Carcass-adjusted final BW was calculated from hot 
carcass weight (HCW)/0.625 for the calculation of carcass-adjusted growth performance.  
Carcass-adjusted growth performance was used to calculate performance-based dietary NE to determine 
efficiency of dietary net energy utilization. The performance-based dietary NE was calculated from daily energy 
gain (EG; Mcal/d): EG = ADG1.097 × 0.0557W0.75, where W is the mean equivalent shrunk BW [kg; (NRC, 1996)] 
from median feeding shrunk BW, and final BW at 28% estimated empty body fatness (AFBW) calculated as: 
[median feeding shrunk BW × (478/AFBW), kg; (NRC, 1996)]. Maintenance energy (EM) was calculated by the 
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equation: EM = 0.077 × BW0.75. Dry matter intake is related to energy requirements and dietary NEm (Mcal/kg) 
according to the following equation: DMI = EG/(0.877NEm − 0.41), and can be resolved for estimation of 
dietary NEm by means of the quadratic formula 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐
2𝑐
, where a = −0.41EM, b = 0.877EM + 0.41DMI + 
EG, and c = −0.877DMI (Zinn and Shen, 1998). Dietary NEg was derived from NEm using the following 
equation: NEg= 0.877NEm − 0.41 (Zinn, 1987). 
Management of pulls and removals 
All steers that were pulled from their home pen for health evaluation were then monitored in individual hospital 
pens prior to being returned to their home pens. When a steer was moved to a hospital pen, the appropriate 
amount of feed from the home pen was removed and transferred to the hospital pen. If the steer in the hospital 
returned to their home pen, this feed remained credited to the home pen. If the steer did not return to their 
home pen, all feed that was delivered to the hospital pen was deducted from the feed intake record for that 
particular pen back to the date the steer was hospitalized. Four steers died during the course of the experiment 
for reasons determined to be health anomalies not related to dietary treatment. Two steers from CON died of 
heart failure, and two steers from the CLO died due to pneumonia associated with Bovine Respiratory Disease 
Complex.  
Study termination and carcass data collection 
The study was terminated on August 10, 2020 when steers were visually appraised to have 0.50 in of rib fat 
(RF). Cattle were shipped the same day as study termination and harvested the following day at Tyson Fresh 
Meats in Dakota City, NE. Individual steer identity was tracked through the harvest facility by trained personnel 
from South Dakota State University. Hot carcass weight (HCW) and liver abscess scores were recorded during 
the harvest procedure. Liver scores were classified according to the Elanco Liver Scoring System: Normal (no 
abscesses), A- (1 or 2 small abscesses or abscess scars), A (2 to 4 well organized abscesses less than 2.54 
cm diameter), or A+ (1 or more large active abscesses greater than 2.54 cm diameter with inflammation of 
surrounding tissue). Video image data were obtained from the abattoir for ribeye area (REA), RF, kidney-
pelvic-heart fat (KPH), and USDA marbling scores. Dressing percentage was calculated as: (HCW/final BW 
shrunk 4%) × 100. Estimated empty body fat (EBF) percentage and AFBW were calculated from observed 
carcass traits (Guiroy et al., 2002). Yield grade was calculated according to the USDA regression equation 
(USDA, 1997). Estimated proportion of closely trimmed boneless retail cuts from carcass round, loin, rib, and 
chuck (Retail Yield; RY) was also calculated from carcass traits (Murphey et al., 1960). 
Salmonella prevalence determination  
Fecal grab samples were aseptically collected via rectal palpation during the weighing procedure, from the 
same steers throughout the course of the study, at study initiation and on d 28, 56, 112, and 140 (6, 34, 62, 
118, and 146 d following arrival to the SERF) according to (Broadway et al., 2020). Briefly, samples were 
obtained from the 5 steers closest to the initial pen mean average from each of the 24 pens (12 
pens/treatment). Samples were aseptically transferred to sealable bags and shipped overnight to USDA-ARS 
in Lubbock, TX in shipping coolers maintaining 32 to 38°F. Upon arrival, samples were weighed, and an equal 
portion of feces from each steer were pooled by pen and homogenized for determination of Salmonella 
prevalence using selective enrichment and culture medias. Subiliac lymph nodes were collected from every 
other carcass during the harvest procedure. Samples were de-nuded and subjected to similar procedures as 
outlined above for determination of Salmonella. Using the same selective enrichment and culture medias used 
for fecal determination. 
Statistical analysis 
Growth performance data were analyzed as a randomized complete block design using the MIXED procedure 
of SAS® 9.4 (SAS Inst. Inc., Cary, NC) with pen as the experimental unit. The model included fixed effects of 
block (location) and dietary treatment. No random effects were included in the model. Least squares means 
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were generated using the LSMEANS statement of SAS. Treatment means were compared using the F-test 
statistic. An α of 0.05 or less determined significance and tendencies were declared from 0.051 to 0.10. 
Results and Discussion 
Weather measurements 
Ambient weather conditions during the course of the study are presented in Table 2. Average THI during the 
course of the 140-d study was 61.6. The THI was above 75 for 21-d of the 140-d study. The average total 
precipitation at the SERF for the past 67 y from March to August is 17.9 in. The precipitation during the course 
of this experiment was below historical records. Two heat events occurred during period 4 of the present study 
(d 85 to 112) in which the average THI was greater than 75 for 10-d of the 28-d period.  
Animal growth performance  
Animal growth performance responses for the 140-d study are located in Table 3. There was no difference 
detected for initial on test BW (P = 0.37; 886 vs. 884 ± 2.0 lbs) for CON and CLO steers, respectively. Final 
BW (live-basis) from the 140-d experiment tended to be decreased for CLO steers compared to CON steers (P 
= 0.09; 1424 vs. 1407 ± 7.5 lbs). Dietary treatment had no influence on live-basis ADG or feed efficiency. Dry 
matter intake was not different (P = 0.63) between treatments. Carcass-adjusted final BW, ADG, and G:F were 
not impacted by dietary treatment (P ≥ 0.29). This is similar to what has been reported by Smock et al. (2020a) 
who noted no improvements in cumulative growth performance responses in steers when Bacillus subtilis PB6 
was fed to high-stressed feeder steers. Alternatively, Smock et al. (2020a) noted an improvement in ADG and 
DMI during the initial 56-d feedlot receiving phase when Bacillus subtilis PB6 was supplemented to high-
stressed feeder steers. Finally, observed dietary NE and the ratio of observed to expected dietary NE were not 
altered by dietary treatment (P ≥ 0.46). It has been reported previously that Bacillus subtilis supplementation 
increased ADG of broiler chicks (Sen et al., 2012). Others have reported that Bacillus subtilis PB6 
supplementation increased DMI when weaned Holstein steers were experimentally infected with Salmonella 
(Broadway et al., 2020). Improvements in feed conversion efficiency have been reported by others in broiler 
chicks and feedlot steers when Bacillus subtilis was fed compared to non-supplemented controls (Sen et al., 
2012; Zhang et al., 2013; Kemin, 2018). No appreciable differences for animal growth performance responses 
in the present study is likely due to the steers being under minimal amounts of environmental stress during the 
course of the study.  
Carcass characteristics 
Carcass trait responses are located in Table 4. Previous data in regards to Bacillus subtilis supplementation to 
feedlot finishing cattle is limited. There were no differences (P ≥ 0.15) among treatments for any carcass traits 
measured in the present experiment. Moreira et al. (2016) indicated that Nellore bulls supplemented with 10 
g·bull-1·d-1 of calcium butyrate (ButiPEARL®, Kemin Industries) and 10 g·bull-1·d-1 of Bacillus subtilis 
(CLOSTAT®, Kemin Industries) had greater intramuscular fat accumulation compared to cattle not 
supplemented with Bacillus subtilis, but indicated no differences in any other carcass parameters. In transit-
stressed steers from the Southeastern U.S. transported and fed in Oklahoma, the supplementation of Bacillus 
subtilis PB6 (CLOSTAT®, Kemin Industries) had no influence on HCW, dressing percentage, RF, REA, USDA 
Marbling score, or calculated yield grade (Kemin, 2018). Smock et al. (2020a) detected no differences for 
HCW, dressing percentage, USDA marbling scores, RF, REA, or calculated yield grade when Bacillus subtilis 
PB6 was fed to finishing steers. Additionally, there were no differences (P ≥ 0.16) among treatments for the 
distribution of USDA Yield or Quality grades in the present study. Finally, there were no treatment effects (P ≥ 
0.54) for prevalence of abscessed livers in this experiment. These findings are similar to Smock et al. (2020a), 
who indicated that the distribution of USDA Yield and Quality grade, or condemned livers were not influenced 
by the supplementation of Bacillus subtilis PB6 to finishing beef steers. 
Salmonella prevalence 
There was no Salmonella recovered from any fecal samples collected on study d 1, 28, or 56 (6, 34, or 62 d 
following arrival to the SERF). On study d 112 (118-d following arrival to the SERF) there was numerically 
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greater (P = 0.17; 8.3 vs. 25.0%) fecal prevalence of Salmonella in CON steers compared to CLO steers. 
Study d 112 was during a heat event that occurred in the Northern Plains and Midwest region. On d 140 of the 
present study there was no difference between treatments (P =0.34; 0.0 vs. 8.3%) in fecal Salmonella 
prevalence for CON and CLO steers, respectively. Smock et al. (2020b) noted an appreciable decrease in 
fecal Salmonella prevalence in high-stressed feeder steers supplemented with Bacillus subtilis PB6 on d 28 of 
the feedlot receiving period. However, no differences among treatments for fecal Salmonella incidence was 
noted on d 196 of the feeding period (Smock et al., 2020b). The lack of detectable Salmonella in these steers 
could be due to the fact that the steers used in the present experiment were not transitioned through a cattle 
auction facility, and due to a relatively short transit distance from the grow yard to the feedlot research facility. 
Thus, the steers experienced minimal transit stress, no marketing stress, and minimal environmental stressors 
during the present study which could have reduced Salmonella exposure and/or shedding (Gragg et al., 2013). 
Additionally, steers from the Northern Plains region of the United States (e.g., South Dakota) have been shown 
to have no Salmonella positive lymph nodes in finished cattle upon harvest (Gragg et al., 2013), suggesting 
regional differences in Salmonella prevalence in fed cattle populations (Green et al., 2010; Gragg et al., 2013). 
Regional differences in fecal and subiliac lymph node Salmonella prevalence in beef cattle should be 
investigated further. Regional differences in Salmonella prevalence should be exploited by cattle feeders and 
this might provide opportunities to increase cattle feeding numbers in specific regions of the United States such 
as the Northern Great Plains. 
Implications 
These data indicate that Bacillus subtilis PB6 had no influence on feedlot phase growth performance, efficiency 
of dietary NE utilization, or carcass traits. Also, fecal Salmonella prevalence was rarely (only on d 112 and d 
140) observed in yearling steers placed on feed in March in southeastern South Dakota, and no Salmonella 
was detected in any subiliac lymph nodes upon harvest. If Salmonella is determined to be an adulterant in raw 
beef products, then cattle feeders might be able to exploit regional differences in Salmonella prevalence and 
regional based assessment of identified feed additives that have proven efficacy to mitigate Salmonella 
prevalence in beef cattle should be conducted. 
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Tables 
Table 1. Actual diet formulation fed and nutrient composition from weekly ingredient analyses.1 
Item 
Days fed 
1 to 7 8 to 14 15 to 21 22 to 56 57 to 74 75 to 116 117 to 140 
Dry-rolled corn, % 39.00 48.75 64.23 64.94 64.20 68.87 69.33 
Modified distillers grains 
plus solubles, % 
20.01 20.82 14.19 16.57 18.26 17.42 17.27 
Alfalfa-grass hay blend, % 29.49 17.54 5.03 - - - - 
Millet hay, % - - - 2.92 3.05 7.90 - 
Corn silage, % 4.74 5.69 10.27 9.30 8.56 - - 
Grass hay, % - - - - - - 7.58 
Liquid supplement2, % 3.90 4.11 4.03 4.02 3.96 3.88 3.88 
Pelleted treatment 
supplement3, % 
2.86 3.09 2.25 2.25 1.97 1.93 1.94 
Diet dry matter, % 68.46 66.28 65.48 64.62 65.62 76.51 76.46 
Crude protein, % 13.73 13.33 11.29 12.17 12.11 12.83 12.51 
Neutral detergent fiber, % 34.92 28.83 19.95 18.79 18.15 18.77 17.96 
Acid detergent fiber, % 19.79 15.62 10.24 9.88 9.22 9.53 9.46 
Ash, % 7.18 6.43 4.90 5.27 5.55 5.58 5.36 
Ether extract, % 3.31 3.51 3.60 4.47 4.79 4.42 4.28 
Net energy for 
maintenance, Mcal/cwt 
84.8 89.4 93.0 93.9 94.3 93.9 94.8 
Net energy for gain, 
Mcal/cwt 
54.0 58.5 63.0 63.5 64.0 63.5 64.0 
1 All values except diet dry matter on a dry matter basis. 
2 The liquid supplement provide micronutrients to exceed requirements and: 11,078.69 ppb chromium 
propionate and 730 g/ton of monensin sodium. 
3 Pelleted treatment supplement consisted of exclusively soybean hulls for control (CON) steers and soybean 
hulls plus CLOSTAT® 500 (CLO; Kemin Industries, Des Moines, IA) at 2,080 g/Mg sufficient to provide 0.50 
g·steer-1·d-1 for CLO steers. 
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Table 2. Ambient temperature (Ta), mean relative humidity (RH), and Temperature-humidity index 














Pre-trial (6 d) 32.9 83.9 35.4 0 9.8 0.8 
1  40.3 73.4 42.7 0 8.9 2.2 
2  53.2 64.5 54.1 0 7.8 1.3 
3  69.6 67.6 67.2 4 9.3 1.8 
4 74.5 77.4 72.5 10 6.7 3.5 
5  72.5 80.9 71.2 7 5.7 2.1 
Average3 62.1 72.7 61.6 21 7.7 11.7 
1 Each period represents 28 days. Period 1: March 23 to April 20; Period 2: April 21 to May 18; 
Period 3: May 19 to June 15; Period 4: June 16 to July 13; Period 5: July 14 to August 10. 
2 THI = 0.81 × ambient temperature, °C + [relative humidity × (ambient temperature, °C - 14.40)] + 
46.40. 
3Average of the 140-d study, except for days with THI >75 and precipitation, which is total days with 
THI >75 and total precipitation during the course of the 140-d study. 
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Table 3. Cumulative growth performance responses. 
Item 
Treatment1 
SEM P-value CON CLO 
Pens, n 12 12 - - 
Steers, n 119 119 - - 
DOF 140 140 - - 
Initial body weight (BW)2, lbs 886 884 2.0 0.37 
Live-basis 
Final BW2, lbs 1424 1407 7.5 0.09 
Average daily gain (ADG), lbs 3.86 3.73 0.051 0.13 
Dry matter intake (DMI),lbs 25.15 25.04 0.154 0.63 
ADG/DMI (G:F) 0.153 0.149 0.0018 0.14 
DMI/ADG (F:G) 6.54 6.71 - - 
Carcass-adjusted basis 
Final BW3,lbs 1448 1440 6.6 0.29 
ADG, lbs 4.01 3.97 0.044 0.39 
DMI, lbs 25.15 25.04 0.154 0.63 
G:F 0.160 0.158 0.0018 0.58 
F:G 6.25 6.33 - - 
Observed dietary NE, Mcal/cwt 
Maintenance 92.53 92.08 0.635 0.46 
Gain 62.59 62.14 0.544 0.46 
Observed/expected dietary NE4 
Maintenance 0.99 0.98 0.007 0.46 
Gain 1.00 0.99 0.009 0.46 
1 Fed no probiotic (CON) or fed g·steer-1·d-1 of Bacillus subtilis PB6 (CLOSTAT® 500, Kemin Industries, Des 
Moines, IA; CLO). 
2 A 4% pencil shrink was applied to account for gastrointestinal tract fill. 
3 Calculated as: HCW/0.625. 
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Table 4. Carcass trait responses. 
Item 
Treatment1 
SEM P-value CON CLO 
Pens, n 12 12 - - 
Steers, n 119 119 - - 
HCW, lbs 906 899 4.2 0.29 
Dressing percent2, % 63.56 64.01 0.245 0.23 
Rib fat, in 0.54 0.52 0.009 0.15 
Ribeye area, in2 13.50 13.45 0.120 0.80 
Marbling3 442 438 9.8 0.77 
KPH, % 1.71 1.71 0.013 0.97 
Calculated YG4 3.31 3.28 0.047 0.38 
Retail yield5, % 49.92 50.04 0.103 0.41 
Estimated EBF6, % 30.71 30.39 0.173 0.22 
Final BW at 28% EBF6, lbs 1323 1325 8.4 0.88 
USDA Yield Grade (YG) distribution  
YG 1, % 0.0 0.0 - - 
YG 2, % 27.4 23.0 4.44 0.50 
YG 3, % 53.8 64.4 4.93 0.16 
YG 4, % 18.8 12.6 3.66 0.26 
YG 5, % 0.0 0.0 - - 
USDA Quality Grade distribution 
Select, % 41.9 36.0 5.09 0.43 
Low Choice, % 32.3 44.9 6.04 0.17 
Average Choice, % 17.0 15.5 3.34 0.75 
High Choice, % 7.1 3.6 3.33 0.47 
Prime, % 1.7 0.0 0.79 0.17 
Liver abscess scores7 
Normal, % 67.4 65.1 5.57 0.77 
A-, % 12.9 15.3 3.81 0.66 
A, % 9.4 6.9 3.11 0.57 
A+, % 10.3 12.7 2.77 0.54 
1 Fed no probiotic (CON) or fed g·steer-1·d-1 of Bacillus subtilis PB6 (CLOSTAT® 500, Kemin Industries, Des 
Moines, IA; CLO). 
2 Calculated as: HCW/(final BW pencil shrunk 4%). 
3400 = small00 (USDA Low Choice). 
4 Calculated according to the USDA regression equation (USDA, 1997). 
5 As a percentage of HCW according to Murphey et al. (1960). 
6 Calculated according the equations described by Guiroy et al. (2002). 
7 According to the Elanco Liver Scoring System: Normal (no abscesses), A- (1 or 2 small abscesses or 
abscess scars), A (2 to 4 well organized abscesses less than 1.0 in diameter), or A+ (1 or more large active 
abscesses greater than 1.0 in diameter with inflammation of surrounding tissue). 
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Beef Day 2021 
Effects of harvest maturity and/or kernel 
processing on corn silage processing score and 
particle size of corn silage 
Thomas Hamilton, Julie Walker, Warren Rusche, and Zachary Smith 
Objective 
A single corn hybrid was used to evaluate harvest maturity (Mat) and/or kernel processing (KP) effects on corn 
silage processing score (CSPS) and particle size (PS). 
Study Description 
Treatments were arranged in a 2 × 2 factorial of: 1) Mat (early and late) and 2) KP (no or yes). A single corn 
field was planted on April 27, 2020. There were 12 loads (experimental unit) per simple effect treatment mean. 
Data were analyzed as a completely randomized design. Early harvest (3/4 milk line) occurred on August 28, 
2020 [yield (as is) = 17.40 tons/acre; DM = 43.1%; CP, NDF, and starch = 6.5, 46.0, and 32.9%, respectively 
(DM basis)]. Late harvest (black layer) occurred on September 9, 2020 [yield = 16.83 ton/acre (as is); DM = 
49.2%; CP, NDF, and starch = 6.6, 49.8, and 37.5%, respectively (DM basis)]. The same equipment was used 
for both Mat with KP achieved by narrowing processing rollers. The CSPS was determined as the proportion of 
starch retained below a 0.19 in sieve. Grain content (DM basis) of the corn silage was calculated from: starch 
content/0.72. Particle size was assessed using the Penn State Particle Separator. A Mat × KP interaction (P = 
0.05) was detected for CSPS. Early/no and late/no had decreased (P ≤ 0.05) CSPS compared to early/yes and 
late/yes had the greatest CSPS (P ≤ 0.05) compared to others. Grain content was 13.9% greater in late 
compared to early (P = 0.01). A Mat × KP interaction (P = 0.03) was detected for PS. Early/no had the greatest 
(P ≤ 0.05) PS, early/yes and late/no were intermediate, and late/yes had decreased PS compared to others (P 
≤ 0.05). 
Take Home Points 
These data indicate that Mat and KP influence CSPS synergistically. Producers should consider KP when corn 
silage is harvested at a later maturity to enhance CSPS. 
Acknowledgements 
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Beef Day 2021 
Estimating the effects of weather, dry matter 
intake, and body weight on daily water intake in 
weaned calves 
Zach S. McDaniel*, Himali Wickramasinghe, Cody L. Wright, Michael G. Gonda, and Zachary K. Smith 
Objective 
The purpose of this study was to study the effect of weather, dry matter intake, and body weight on the water 
requirements of weaned calves and estimating the requirements in a model. 
Study Description 
Weaned steers (n=48) were selected to study the effects of the weather, body weight, and dry matter intake on 
water intake in the winter (n=24) and summer (n=24) months. Calves were provided with ad libitum access to 
feed and water at the SDSU Cow-Calf Education and Research Facility (CCERF) and measured utilizing an 
automated feed and water system (Insentec, The Hague, Netherlands). Temperature, humidity, precipitation, 
wind speed, solar radiation, and air pressure were recorded at a Mesonet automated weather station in 
Brookings, SD (located 2.4 miles from the SDSU CCERF). Effects of climate data, body weight, and daily dry 
matter intake on daily water intake will be analyzed utilizing a mixed-effects model. 
Take Home Points 
Preliminary results suggest that windchill, body weight, and dry matter intake have a statistically significant 
effect on mean daily water intake in beef cattle. Initial analysis also indicates that the factors affecting water 
intake are likely correlated. Additional statistical analysis must be performed to devise an updated predictive 
equation for mean daily water intake in beef cattle. 
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Beef Day 2021 




The COVID-19 pandemic forced changes in how Extension programming was delivered in 2020. Web-based 
distance learning tools were used to deliver educational material when it was impractical to use traditional 
delivery methods. 
Study Description 
The SDSU Extension Feedlot Shortcourse has traditionally been an in-person event with as much opportunity 
for hands-on learning and demonstrations as possible. The program is offered over a two-day period in August 
at the SDSU Cow-Calf Education and Research Facility with approximately 30 participants each year, on 
average. The program addresses feed delivery and mixing, animal health, production technologies, and risk 
management. 
However, the events of 2020 turned that plan on its head. It was clear by early summer that holding in-person 
events would be challenging at best, with the very real risk of being forced to cancel or postpone because of 
changing conditions surrounding COVID-19. For that reason, we elected to offer the Feedlot Shortcourse as a 
virtual program using the Zoom platform. 
The first challenge was to attempt to replicate the program without being face-to-face. We selected seven 
topics that were relevant to successful backgrounding or cattle finishing enterprises that could be taught 
effectively on a virtual platform. Those topics and presenters were as follows in alphabetical order by topic: 
• Backgrounding Systems – Dr. Alfredo DiCostanzo, University of Minnesota Beef Specialist 
• Bunk Management – Warren Rusche, SDSU Extension Beef Feedlot Management Associate 
• Cattle Feeding Risk Management – Dr. Matt Dierson, SDSU Extension Risk Management Specialist 
• Facility Management – Dr. Erik Loe, Midwest PMS 
• Feedlot Cattle Health Strategies – Dr. Russ Daly, SDSU Extension Veterinarian 
• Growth Enhancing Technologies – Dr. Zach Smith, SDSU Feedlot Researcher 
• Wrap-up Panel Discussion 
The webinar series was held on seven consecutive Thursdays in July and August at 12:30 CDT for 
approximately one hour. Each session was recorded so that participants could watch at their convenience if 
they were unable to log on for the live sessions or wished to view the program again. Participation in the 
program greatly exceeded expectations. There were 275 registered participants from 25 states plus Canada, 
Mexico, Brazil, Australia, and South Africa.  
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Lessons Learned 
Being forced to try alternative delivery methods allow us to examine the new procedures and see what aspects 
should be retained for use in the future. One of the major differences between a virtual and in-person platform 
is the opportunity to reach a much broader audience. We were surprised to see as much interest as we did 
from outside our region, especially considering that we did not use paid advertising. It was gratifying to see 
interest in our programs and research from outside our backyard. We also learned that as long as the program 
was recorded, the time of day was of little importance. 
We were also able to use the recording to overcome language barriers to serve audiences that otherwise are 
more challenging to reach. One of the sponsors of this program asked if we could offer Spanish language 
transcriptions for the recorded videos. We were able to accomplish that task, and consequently offer 
educational materials to a Hispanic audience without needing to find qualified translators in real-time. 
On the other hand, it became clear that a seven-week virtual webinar series was too long. Evidence for this 
conclusion can be found in Figure 1 showing numbers of viewers for both the live and recorded sessions. Total 
participation declined with each passing week. We cannot definitively say whether or not this response is due 
to competing events or work tasks or a case of “Zoom fatigue”, but it does lead us to suspect that less may be 
more in terms of how many weeks we ask participants to log on to the program. We would not have lost as 
much of our audience using in-person delivery methods. 
In the future we expect that a hybrid approach might prove to be most effective overall. Virtual program offers 
less opportunity for dialogue and idea sharing, but offers the ability to reach a much wider audience with little 
additional investment. Future Feedlot Shortcourses will likely feature some segments that will be offered 
virtually to enhance our reach, but paired with in-person programming to expand upon previously presented 
material and to focus on topics where the hands-on component is more critical. 
Take Home Points 
We all look forward to the day when in-person Extension programming can be more easily accommodated. 
Virtual methods offer an additional tool to enhance, but not completely replace more traditional educational 
programming approaches. 
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Beef Day 2021 
North Central Farm and Ranch Stress Assistance 
Center: A comprehensive needs assessment in 
South Dakota 
Krista Ehlert and Andrea Bjornestad 
Objective 
The overall objective of this project is to work with mobilized partners to form the North Central Farm and 
Ranch Stress Assistance Center (NC FRSAC). The NC FRSAC will create and expand stress management 
and mental health resources and services to agricultural producers, advocates and stakeholders who support 
agricultural producers. This project is led by the University of Illinois Urbana-Champaign. South Dakota State 
University is one of the partners and our supporting objective is to establish a state-wide task force to develop 
an assistance network, conduct a comprehensive needs assessment, develop and implement educational 
workshops to producers and their families, and develop training on farm stress for health care providers. 
Study Description 
The basis of this work is preliminary data collected by Dr. Andrea Bjornestad (SDSU) on mental health 
outcomes among farmers and ranchers in Midwestern states. The results from surveys conducted with 
producers in SD, MI, MO, and KS show that 29% of the sample experienced mild or worse depression, 27% 
experienced mild or worse anxiety, and 3.7% were at significant risk of suicidal behavior. The specific stressors 
were: market prices, the weather, healthcare costs, and taxes. Based on this and other studies, depressive 
symptoms are increasing among SD farmers and ranchers; a comprehensive needs assessment is imperative 
in identifying and responding to the needs of producers and to determine future efforts to decrease mental 
health stress in our SD agriculture communities. 
Over 3 years, we will implement our plan of work, which has already begun with a kick-off retreat with a state-
wide task force. The Task Force is comprised of individuals that represent the following producer 
organizations: SD Cattlemen’s Association, SD Farm Bureau, SD Grassland Coalition, SD Pork Producers 
Council, SD Sheep Grower’s Association, SD Soil Health Coalition, SD Soybean Association, SD 
Stockgrowers Association, SD Wheat Commission, and the SD Department of Agriculture. The Task Force has 
provided input on major concerns, need indicators, and preliminary priorities. From the information provided to 
us by the Task Force, we will collect data from focus groups and complete key informant interviews with 
groups such as women in ag, young producers, clergy, mental health professionals, and agriculture industry 
supporters (e.g. bankers, veterinarians, feed dealers, NRCS staff). In addition to collecting data, we will offer 
educational workshops on farm stress and mental health first aid. The culmination of this project will be 
developing an Action Plan with our Task Force, which will set priority of needs, identify possibly solutions, and 
determine next steps. 
Take Home Points 
Agricultural producers experience a plethora of stressors on a daily basis. Studies have demonstrated that 
farmers and ranchers experience greater psychological distress and depressive symptoms compared to the 
general population. Consequently, a comprehensive needs assessment is being conducted by SDSU 
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Extension and is being guided by a Task Force comprised of individuals from several producer organizations. 
Focus groups and key informant interviews will culminate in a state-wide Action Plan that identifies priority 
needs, possible solutions, and next steps. 
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Beef Day 2021 
Developing web application tools to support beef 
cattle production 
Jameson Brennan and Krista Ehlert 
Objective 
The objective of this project was to demonstrate the development of web-based applications to help producers 
gather and utilize data to make more informed management decisions for their operation.  
Study Description 
Livestock producers make numerous production related decisions over the course of the year. A wide variety 
of decision support tools are available to producers using a number of different software platforms. The goal of 
this project was to develop two simple and easy to use web-applications to help livestock producer’s decision-
making processes. The first web-app, titled SDSU Extension Grazing Calculator 
(http://agland.sdstate.edu/content/125), is designed to help livestock producers with calculating appropriate 
stocking rates for each pasture under two scenarios: fixed land/time or fixed herd demographics. The second 
web-app, titled SDSU Extension AI Angus Bull EPD Selection Tool (http://agland.sdstate.edu/content/198.), is 
designed to help producers select AI bulls based on setting EPD thresholds. Tools were built using Program R, 
which allows for complex calculations and data processing behind the scenes, while allowing for simple and 
easy to use interfaces for users. These tools will serve as the starting point for developing a series of web-apps 
named ‘The Producer’s Toolbox’ to help producers access, generate, visualize, and interpret data relevant to 
their operation, enhancing their decisions, ranch sustainability, and animal performance. 
Take Home Points 
A tool developed can help livestock producers quickly calculate stocking rates for multiple pastures under 
different harvest efficiency and forage production scenarios.  
A tool was developed to help producers with selecting AI bull sires. 
We will continue to build tools to help producers make informed management decisions for their operations. 
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Beef Day 2021 
Vaccinating the young calf with a parenteral 
adjuvanted vaccine to develop a protective BRSV 
IgA nasal response 
Karim W. Abdelsalam1, Elizabeth A. Kolb2, Robin E. Buterbaugh2, Carol L. Rinehart2, Douglas Ensley3, George 
A Perry4, Christopher C.L. Chase1. 
1Department of Veterinary and Biomedical Sciences, South Dakota State University, Brookings, SD 
57007,2RTI, LLC, 801 32nd Ave, Brookings, SD 57006,3Boehringer Ingelheim Animal Health USA Inc, 2621 
North Belt Hwy, St Joseph, MO 64506, 4Department of Animal Science, South Dakota State University, 
Brookings, SD 57007,  
Objective 
The purpose of this study was to evaluate the efficacy of an adjuvanted modified live virus (MLV) vaccine in the 
presence of well-defined maternal passive immunity. 
Study Description 
Calves were vaccinated at approximately 1 month of age and challenged ~90 days later when BRSV systemic 
antibodies were less than 1:4. Clinical signs, nasal secretions and blood samples for virus measurement 
[polymerase chain reaction (PCR) and virus isolation (VI)] and to measure for mucosal BRSV IgA antibodies 
were collected and the animals were euthanized and necropsied 8 days post infection. Body temperature and 
other clinical signs were lower at 6 and 7 days post challenge in the vaccinates. Nasal viral shed was 3–4 
times lower in the vaccinated animals as measured by VI and PCR compared to the controls. On day 8 
following challenge, animals were necropsied, and lung lobes were scored and tested for virus by PCR and 
indirect fluorescent assay (IFA). There was a 25-fold reduction in PCR virus detection in vaccinates and two of 
the vaccinated calves’ lungs were PCR negative. Only 29.4% of vaccinated calves were BRSV positive on IFA 
testing at necropsy, while 87.5% of control calves were BRSV positive. Vaccinated calves developed a 
mucosal BRSV IgA response with over 50% of the vaccinated calves having IgA prior to challenge and all 
vaccinated calves were positive following challenge.  
Take Home Points 
This study established that an adjuvanted MLV vaccine could provide protection against BRSV as measured 
by clinical, virological, and pathological parameters while also activating both mucosal and systemic immunity. 
Introduction 
Bovine respiratory syncytial virus (BRSV) is major viral contributor to bovine respiratory disease (BRD). BRD is 
a major cause of morbidity and mortality in all classes of cattle but particularly young beef and dairy calves. 
Passive antibodies not only help protect the calf against infection, but may interfere with the immune 
responses following vaccination. The purpose of this study was to evaluate the efficacy of an adjuvanted 
modified live virus (MLV) vaccine in the presence of well-defined maternal passive immunity. The complete 
results were published in Vaccine (Kolb 2020). 
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Experimental Procedures 
Calves and Vaccination 
Thirty-three mixed sex newborn Holstein calves were obtained from a local dairy for use in the study. The 
newborn calves were born over a period of eight days. Cows were closely monitored at parturition to ensure 
that calves did not nurse. At birth, the calf was immediately removed from the calving pen, given post neonatal 
standard animal husbandry (navel treatment and prevention of hypothermia) and a uniquely numbered ear tag. 
Group 1 calves were assigned to the vaccine treatment group (17 calves) and Group 2 calves were assigned 
to the placebo control group (16 calves). Both treatment groups were fed characterized colostrum [colostrum 
with BRSV colostral SN antibody log26 (64)] for the first three feedings, before being switched to commercial 
milk replacer. Calves were vaccinated at approximately 30 days old (30– 38 days), Group 1 received 2.0 mL 
subcutaneously (SQ) of a multivalent, adjuvanted, MLV vaccine [Pyramid5; BHV-1, BVDV type 1 & 2, BRSV, 
PI3; Boehringer Ingelheim Animal Health USA, Inc. St. Joseph, MO]. The Pyramid5 vaccine utilizes the 
MetaStim lipid/surfactant based adjuvant system, designed to boost immune response by extending the 
duration of exposure to the vaccine antigens. Group 2 (control) received 2.0 mL of sterile diluent. Vaccine 
administered to Group 1 was stored and reconstituted according to label directions 
Challenge and Necropsy 
When calf BRSV serum neutralization (SN) titers had declined to<1:4 at ~110 days of age, the calves were 
challenged with BRSV once a day for two consecutive days. The BRSV CA-1 strain was used for the 
challenge. Clinical disease parameters including attitude, body temperature, and general respiratory signs 
were monitored for 8 days following challenge by trained personnel blinded to treatment groups. Calves were 
considered to be pyrexic when body temperatures were 103.5ºF or greater. Each calf was visually examined 
and scored for signs of abnormal respiration, nasal and ocular discharge, and depression, using a scale of 0–3 
except for nasal discharge which was on a scale of 0–4. 
Blood samples for serum analysis was obtained from the calves via jugular venipuncture at 7–14 day intervals 
for approximately 8 weeks prior to challenge, the day before challenge (1DPC), and at necropsy (8DPC). The 
animal was restrained and 12.5 mL of blood was collected from the jugular vein. Blood samples were used for 
serum neutralization analysis to determine antibody levels against all major respiratory viruses, including 
BRSV. Nasal secretion samples were obtained from all calves weekly for the first three weeks following 
vaccination [0 days post vaccination (DPV), 7DPV, 14DPV and 21DPV]. Nasal secretion samples were also 
collected a total of 4 times in association with the challenge phase on -1, 3, 5 and 8DPC. Nasopharyngeal 
swabs were collected from all calves on days -1DPC and 3-8DPC for VI and BRSV polymerase chain reaction 
(PCR) assay. 
Calves were euthanized and necropsied 8 DPC. The respiratory tract was removed from each calf, 
photographed, and scored. The lung scores for each animal were then added together to create a total lung 
lesion score for each group and these scores were compared between the two treatment groups. Two 
representative lung samples were collected from each calf for virus isolation (VI), BRSV immunofluorescence 
assay (IFA) and polymerase chain reaction (PCR) assays. 
Results and Discussion 
Body temperature and other clinical signs were lower at 6 and 7 days post challenge in the vaccinates (Figure 
1). Nasal viral shed was 3–4 times lower in the vaccinated animals as measured by VI (Table 1) and PCR 
(Figure 2) and peaked 5 days post challenge compared to the controls (who peaked at days 6 and 7) (Table 1; 
Figure 2). On day 8 following challenge, animals were necropsied, and lung lobes were scored and tested for 
virus by PCR and indirect fluorescent assay (IFA). Respiratory tracts were evaluated at necropsy on a percent 
involvement basis of each lobe. The lung scores for each animal were then averaged together to create a total 
lung lesion score for each group and these scores were compared between the two treatment groups. A 
statistically significant reduction in total lung involvement was noted in the vaccinated group (Group 1) 
compared to the controls (Group 2) (P = 0.04) (Figure 3). Thus, 35% of the calves in the vaccinated group 
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(Group 1) had ~20% total lung pathology, while 75% of the control group (Group 2) had more than 20% lung 
pathology (Figure 3). There was a 25-fold reduction in PCR virus detection in vaccinates (Figure 2) and two of 
the vaccinated calves’ lungs were PCR negative (Figure 4). Only 29.4% of vaccinated calves were BRSV 
positive on IFA testing at necropsy, while 87.5% of control calves were BRSV positive (Table 2). Vaccinated 
calves developed a mucosal BRSV IgA response with over 50% of the vaccinated calves having IgA prior to 
challenge and all vaccinated calves were positive following challenge (Figure 5).  
This study established that calves vaccinated with an adjuvanted MLV vaccine IFOMA could be protected 
against BRSV. Clinical signs, lung lesions, and virus shed were reduced in the vaccinated calves as compared 
to control non-vaccinated calves. This is the first report of the use of a parenteral adjuvanted MLV vaccine to 
protect calves against a BRSV challenge IFOMA. Surprisingly, BRSV specific mucosal IgA immunity was also 
induced. Systemic CMI memory with a recall response following challenge also occurred following vaccination. 
Managing BRSV and the resulting secondary bacterial infection continues to challenge cattle producers 
nationwide to control bovine respiratory disease. The complications associated with both disease prevention 
IFOMA and the economics of high quality food production consistently create a strong demand for better 
vaccination strategies and products. The inhibition of BRSV vaccines administered both parenterally and 
intranasally by BRSV maternal antibody has been well documented [Ellis 2010; Ellis 2014; Ellis 2017; Kimman 
1989] but the reality is that BRSV infection frequently occurs in young animals and vaccination needs to occur 
IFOMA to minimize disease risk in production systems. The purpose of this study was to evaluate the efficacy 
of an adjuvanted vaccine in the presence of well-defined maternal passive immunity. By controlling and 
defining the maternal transfer in the calves involved in the study, we hoped to evaluate the specific interactions 
between parenteral vaccination and passive acquired immune systems in young stock. In summary, the 
administration of parenteral adjuvanted BRSV MLV to calves of approximately one month of age fed colostrum 
containing BRSV antibodies decreased the severity and duration of clinical signs after direct BRSV challenge 
in animals fed maternal colostrum. Virological, immunological, and pathological findings also supported a 
significant advantage for vaccinated calves. While the protection conferred is not complete, up to a 50% 
reduction of severity of disease was noted in the vaccinated calves. Vaccinated calves mounted an immune 
response sufficient to reduce disease severity when challenged 3 months after vaccination in the face of 
maternal antibody. Further studies to characterize the mucosal response following the administration of an 
adjuvanted MLV needs to be done to elucidate the mechanism of mucosal immune induction. 
Implications 
This study established that an adjuvanted MLV vaccine could provide protection against BRSV as measured 
by virological, and pathological parameters while also activating both mucosal and systemic immunity. 
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Tables 
Table 1 BRSV Nasal Virus Isolations 
Groups 1,2 
Days after Challenge 
-1 3 4 5 6 7 8 
Group 1 incidence 















Group 1 Average 
BRSV virus titer 
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1 Group 1: Five (5) of the 17 calves remained VI negative during the challenge phase. Five (5) of the calves were positive (low titer) on 
VI for more than one consecutive day post challenge (only 2 days). Seven (7) of calves were positive for VI one day. 
2 Group 2: Five (5) of the 16 calves remained VI negative during the challenge phase. Eight (8) of the calves were VI positive for more 
than one day post challenge (5 were 3 days). Three (3) of the calves were positive for VI one day. An overall trend was noted for each 
treatment (P=0.06), but there was a statistically significant effect on each treatment over time (P<0.0001). 
 
Table 2. BRSV Antigen Positive Lungs1 
Group # BRSV FA Positive 
Group 1 5/17 (29%) 
Group 2 14/16 (88%) 
1 Frozen lung sections were stained with BRSV Ab and examined for fluorescence. There was significant reduction (p<0.05) in BRSV 
infected lungs in Group 1 (Vaccinates) as compared to Group 2 (Controls). 
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Figure 1. Average Daily Rectal Temperatures. Group 1 (Vaccinates) and Group 2 (Control). Body 
temperatures were recorded from all calves daily beginning one day prior to challenge, and daily after 
challenge for the remainder of the study (-1DPC to 8DPC). Calves with a rectal temperature of 103.5°F or 
higher were considered pyrexic (error bars indicate the standard error). The body temperatures for each group 
were averaged and graphed to evaluate the difference in disease severity between Group 1 and Group 2. 
There were statistically significant lower temperatures in Group 1 (Vaccinates) at day 6 and 7 (indicated with 
the presence of an *) (P0.01) and tendency for lower temperature in Group 1 (Vaccinates) at day 8 (P<0.1) 
(noted with a presence of a #). 
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Figure 2. BRSV RNA in Nasal Samples Post Challenge. Group 1 (Vaccinates) and Group 2 (Controls). 
BRSV RNA levels were similar at day 5 (error bars indicate the standard error). The Group 1 animals peaked 
at day 5 and declined quickly to undetectable BRSV RNA levels (CT level 26=38.6 TCID50/ml and CT level 
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Figure 3. Percentage of Animals with Total Lung Lesion Involvement ≥20%. Group 1 (Vaccinates) and 
Group 2 (Control). The number of animals in each group with a total lung lesion involvement of 20% or more 
were compiled. The remaining percent of animals by group had lesion scores that were less than these 
parameters. There was a statistically significant reduction in lung lesions in Group 1 (Vaccinates) compared to 
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Figure 4. BRSV RNA in Lung. Group 1 (Vaccinate) and Group 2 (Control). BRSV RNA lung levels were 
significantly lower (Group 1 3.97 vs. Group 2 105.85 TCID50/ml p<0.05). Two (2) of the 17 animals in Group 1 
were PCR negative (CT value >40) while none (0 of the 16) Group 2 were PCR negative (error bars indicate 



































BRSV Lung Levels Using PCR Standard Curve
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Figure 5. Nasal IgA OD Values following Vaccination and Challenge. Group 1 (Vaccinate) and Group 2 
(Control) IgA OD were compared from post vaccination A) Day 0, B) Day 21, C) Day 71 (day -1 post 
Challenge) and D) Day 80 (day 8 post challenge). All animals were negative at day 0; 9/17 were positive at day 
21 and day 71 (one day prior to challenge) in Group 1 compared to 0/16 in Group 2 at day 21 and 71. At Day 
80, 100% of the Group 1 (17/17) were positive compared to 31% (5/16) of Group 2. There was significantly 
higher average level of IgA antibody for Group at Day 21, 71 and 80 (p<0.05). The average is indicated by the 
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Beef Day 2021 
Interactions of change in nutrition after AI on 
plasma metabolites, steroid hormone production, 
and uterine environment 
Taylor N. Andrews, Kaitlin M. Epperson, Jerica J. J. Rich, Saulo Menegatti Zoca, Adalaide C. Kline, Lacey K. 
Quail, Abigail L. Zezeski, Thomas W. Geary, Julie A. Walker, and George A. Perry 
Objective 
The objective was to evaluate the impact of nutritional changes post artificial insemination (AI) on plasma 
metabolites, steroid hormones, and uterine environment.  
Study Description 
Beef heifers (n = 43) were randomly assigned to two dietary treatment groups (High = 161.5% or Low = 77.5% 
of maintenance energy) for 14 d after AI (post-AI). Post-AI dietary treatments continued until uteri were flushed 
for embryo recovery (d 14 post-AI). Blood samples were collected on d -3, 0 (day of AI), 3, 6, 9, 12, and 14 for 
analysis of plasma glucose, proteins, non-esterified fatty acids (NEFAs), and cholesterol using colorimetric 
assays. Plasma collected on d 0, 3, 6, 9, 12, and 14 was analyzed for progesterone concentrations by 
radioimmunoassay. Uterine flushes were analyzed for mineral concentrations of Mg, P, S, K, Ca, Cu, Zn, Se, 
Mn, Co, B, Cr, and Fe by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Plasma progesterone, 
NEFAs, protein, glucose and cholesterol (repeated measures) and uterine mineral concentrations were 
analyzed using the MIXED procedures in SAS. Plasma NEFA concentrations differed between treatments (P = 
0.03) with heifers on the low diet treatment having elevated NEFA concentrations. Plasma NEFA 
concentrations weren’t affected by embryo recovery (P > 0.10), treatment by embryo recovery (P > 0.10), and 
treatment by embryo recovery by day (P > 0.10). Plasma progesterone, glucose, protein, and cholesterol 
concentrations were not influenced by treatment (P > 0.10), embryo recovery (P > 0.10), treatment by embryo 
recovery (P > 0.10), and treatment by embryo recovery by day (P > 0.10). Uterine mineral concentrations were 
affected by embryo presence for Mg (P = 0.02) and S (P = 0.01) a tendency for Ca (P = 0.08) with decreased 
concentrations in uterine flushes when an embryo was recovered. A tendency for increased concentration of 
Mn (P = 0.06) was observed in uterine flushes when an embryo was recovered. Additionally, treatment tended 
to impact Fe concentrations (P = 0.09), with heifers on the restricted diet having reduced uterine Fe 
concentrations. In conclusion, changing plane of nutrition post-AI had an effect on NEFA plasma 
concentrations, but no effect on plasma progesterone, protein, glucose, and cholesterol concentrations. The 
presence of an embryo however affected uterine mineral concentrations. 
Take Home Points 
Decreasing plane of nutrition post-AI increased NEFA plasma concentrations, but had no effect on plasma 
progesterone, protein, glucose, and cholesterol concentrations; however, the presence of an embryo did affect 
uterine mineral concentrations. More work is needed to better understand the relationship between embryo 
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Introduction 
It is widely understood that nutrition has an impact on reproduction in beef cattle. Short and Adams (1988) 
illustrated whereg reproduction ranks on the nutrient partitioning list; nutrients are used in the following order of 
importance: basal metabolism, activity, growth, energy reserves, pregnancy, lactation, additional energy 
reserves, estrous cyclicity, initiation of pregnancy, and excess reserves. Initiation of pregnancy and estrous 
cycling is toward the end of nutrient allocation; therefore, an adequate plane of nutrition is important to ensure 
a female’s reproductive success. 
Management of heifers can have lifetime effects on their reproductive success and efficiency. It is a common 
management practice to feed replacement heifers a mixture of concentrate and forage diets (greater 
maintenance energy) prior to artificial insemination (AI) in a confinement system. However, post-AI, heifers are 
typically placed on pasture and consume solely a forage diet. Perry et al. (2013) reported heifers placed on 
high forage diets directly after AI experienced a reduced average daily gain, thus indicating a nutrient deficient 
diet post-AI. Post-AI diet restrictions produced poorer quality embryos, reduced the number of blastomeres in 
the embryo, and decreased the percentage of live blastomeres (Kruse et al., 2017). Common management 
practices such as placing heifers on pastures directly after AI can create a nutrient restriction. Post-AI diet 
restrictions can negatively impact reproductive performance by hindering embryonic development. 
Nutrition also can affect reproduction indirectly through blood metabolites. Blood metabolites are indicators of 
nutrient status and potentially impact reproductive hormones such as FSH, LH, progesterone, and estradiol. It 
has been shown that restricted planes of nutrition for heifers can decrease certain plasma metabolites such as 
glucose, insulin, and IGF-1 (Bossis et al., 1999). Cholesterol is a precursor for steroid biosynthesis, which is 
necessary to produce steroidal reproductive hormones. A decrease in specific steroidal hormones during early 
gestation could cause early embryonic death. Therefore, diet restriction post-AI that alter blood metabolites 
could be indirectly affecting reproduction. 
Plane of nutrition can also impact a female’s uterine environment. An appropriate uterine environment is 
essential for supporting the conceptus and embryo elongation. Gao et al. (2009) reported that pregnant ewes 
had increased concentrations of sodium, calcium, and potassium in their uterine lumen flush media compared 
to cyclic, non-pregnant ewes. Our laboratory found that magnesium, aluminum, potassium, calcium, and sulfur 
concentrations in the uterine lumen are reduced in pregnant (d 7 embryo) compared to non-pregnant heifers 
(unpublished, preliminary data), indicating that the embryo may be using the minerals for growth and 
development.  
In conclusion, nutrition and reproduction have an essential relationship. It is understood that the plane of 
nutrition and metabolic status of a female can impact their reproductive efficiency, however, many of the 
nutritional mechanisms by which reproduction is mediated are still unknown. The objective of this study was to 
evaluate the impact of nutritional changes after artificial insemination (AI) on plasma metabolites, steroid 
hormones, and uterine environment.  
Experimental Procedures 
Experimental Design 
Fifty heifers were provided the same pre-breeding diet to meet crude protein requirements; however, seven 
heifers were removed from the statistical analysis due to unsuccessful uterine flushes. At time of artificial 
insemination (AI) half of the heifers were randomly assigned to a restricted energy diet (Low = 77.5% of 
maintenance energy) post-AI and the other half remained on a high energy diet (High = 161.5% of 
maintenance energy). Both diets consisted of a total mixed ration of grass hay, straw, and corn silage. Energy 
content of the diet was changed by intake; heifers on the low treatment were fed 12.1 lb/hd/d and the heifers 
on the high treatment were fed 25.5 lb/hd/d. Heifers remained on their respective diets for 14 days post-AI.  
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Feed Analysis 
Samples of the dietary treatments were taken twice after assignment post-AI for a total of two samples per 
treatment. Feed samples were analyzed by wet chemistry at Dairyland Laboratories, Inc. for crude protein, acid 
detergent insoluble crude protein (ADICP), acid detergent fiber (ADF), neutral ash free detergent fiber (aNDF), 
ash free aNDF (aNDFom), lignin, fat, ash, calcium, phosphorus, magnesium, potassium, sulfur, sodium, 
chloride, zinc, iron, manganese, copper, boron, aluminum, total digestible nutrients (TDN), net energy for gain 
(NEg), and net energy for maintenance (NEm) (Table 1).  
Synchronization  
Heifer estrous cycles were synchronized across two days using the PG 6-day Controlled Internal Drug Release 
(CIDR) protocol to facilitate data and tissue collection. The PG 6-day CIDR protocol included administration of 
PGF2α (Lutalyse, 5 mL i.m.) on day -12, CIDR insertion and GnRH (Factrel, 2 mL i.m.) on day -9, CIDR removal 
and second dose of PGF2α (Lutalyse, 5 mL) on day -3. Heifers were observed for estrus (day 0) three times 
daily from day -3 to 0 with the aid of Estrotect patches applied on day -3. Heifers observed in standing estrus 
(or with ≥ 50% of the Estrotect patch activated) were artificially inseminated approximately 8-12 hours after first 
observation of estrus activity. Heifers that didn’t exhibit estrus by 72 hours post CIDR removal received GnRH 
(Factrel, 2 mL i.m.) and were AIed at that time. All heifers were bred to the same two sires (evenly distributed 
among treatments) and by the same technician. Also, at time of CIDR removal, heifers were transrectally 
ultrasounded to confirm follicular growth and size, and anticipated side of ovulation.  
Blood Collection  
Blood was collected from all heifers by jugular or tail venipuncture into 10 mL Vacutainer tubes with EDTA. 
Blood was collected on days -3, 0 (day of AI), 3, 6, 9, 12, and 14. During collections, blood was kept cool until 
centrifuged. Plasma was harvested following centrifugation at 3,000 x g for 30 minutes at 4 ˚C and stored at -
20 ˚C until further analyses.  
Plasma Analyses  
Plasma samples from day -3, 0, 3, 6, 9, 12, and 14 were analyzed for glucose, cholesterol, protein, and non-
esterified fatty acids (NEFAs) by colorimetric assays and progesterone concentrations (d 0, 3, 6, 9, 12, and 14) 
was determined by radioimmunoassay.  
Uterine and Embryo Flushing 
At the time of uteri flushing, transrectal ultrasound was conducted to confirm ovulation had occurred after AI 
and identify the side of ovulation (corpus luteum presence). Uteri were flushed for embryo recovery 14 days 
after AI using a non-surgical technique. Briefly, a flush catheter was placed in the uterine horn ipsilateral to the 
corpus luteum and 25 mL of flush media was inserted into the uterine horn. Flush media was recovered by 
gently massaging the uterine horn. Flush media volume was recorded and media was searched for presence 
of an embryo. If an embryo was not found the procedure was repeated. The initial flush media was used for 
mineral analysis. Embryos recovered were washed three times in embryo holding media, measured using a 
ruler, and photographed. Seven heifers were not successfully flushed and were subsequently removed from all 
analyses. 
Statistical Analysis  
The effect of treatment on plasma progesterone, NEFAs, protein, glucose and cholesterol were evaluated as 
repeated measures using the MIXED procedure in SAS. The effect of treatment, presence of an embryo, and 
their interaction on mineral concentrations were evaluated using the MIXED procedure in SAS. Statistical 
significance was considered at P ≤ 0.05 and a tendency when 0.05 < P ≤ 0.10.  
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Results and Discussion 
Plasma Analysis 
Plasma NEFA concentrations differed between treatments (Figure 1; P = 0.03) with elevated NEFA 
concentrations among heifers on the low diet treatment. There was no effect of embryo presence (P > 0.10), 
treatment by embryo presence (P > 0.10), and treatment by embryo presence by day (P > 0.10) on plasma 
NEFA, progesterone, glucose, protein, and cholesterol concentrations. Furthermore, post-AI diet treatment 
didn't influence plasma progesterone, glucose, protein, and cholesterol concentrations (P > 10). Also please 
italicize the P. 
Uterine Flushes 
Mineral concentrations of uterine flush are reported in Table 2. There was an effect of embryo presence on 
uterine flush mineral concentrations for Mg (P = 0.02) and S (P = 0.01) and a tendency for Ca (P = 0.08) where 
decreased concentrations were observed when uterine flushes contained an embryo. There was a tendency 
for the presence of an embryo to affect uterine mineral concentrations for Mn (P = 0.06), with increased 
concentrations observed when uterine flushes contained an embryo. There was a tendency between 
treatments to impact uterine flush Fe (P = 0.09) concentrations, heifers on the restricted diet had reduced 
uterine Fe concentrations.  
Implications  
Post-AI nutrition can impact the metabolic status of bovine females therefore, post-AI nutrition has the ability to 
affect oocyte and embryonic development. Uterine mineral concentrations fluctuate in the presence of an 
embryo, potentially indicating that the embryo is utilizing the minerals for development and survival.  
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Tables 
Table 1. Nutrient analysis (DM basis) of samples collected from the high and low diets post-AI1.  
Item 
Low Energy Diet High Energy Diet 
Dry Matter, % 67.59 67.64 
Crude Protein, % 9.26 9.23 
NEm, Mcal/cwt 54.39 54.21 
NEg, Mcal/cwt 28.81 28.64 
1All values except diet dry matter on a dry matter basis. 
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Table 2. Effects of an embryo presence on mineral concentrations of uterine fluids. 
Mineral 
No Embryo Embryo Present SEM P-value 
Boron (B) 0.01063 0.00991 0.00115 0.61 
Calcium (Ca) 6.209 4.2389 0.89990 0.08 
Chromium (Cr) 0.00054 0.00053 0.00052 0.98 
Cobalt (Co) 0.00035 0.00023 0.00016 0.55 
Copper (Cu) 0.01392 0.01422 0.00119 0.89 
Iron (Fe) 0.8119 0.749 0.13680 0.70 
Magnesium (Mg) 15.6967 12.5457 0.74760 0.02 
Manganese (Mn) 0.00159 0.00291 0.00057 0.06 
Phosphorus (P) 10.2541 8.64460 1.01550 0.37 
Potassium (K) 112.72 102.46 5.17830 0.11 
Selenium (Se) 0.00093 0.00089 0.00028 0.91 
Sulfur (S) 110.92 92.15830 6.05310 0.01 




South Dakota State University Beef Day 2021 









































South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
69 
Beef Day 2021 
Use of pregnancy associated glycoproteins to 
determine fetal age throughout gestation in cattle 
Adalaide C. Kline, Kaitlin M. Epperson, Jerica J. J. Rich, Saulo Menegatti Zoca, Taylor N. Andrews, Lacey K. 
Quail, Jim R. Rhoades, George A. Perry 
Objective 
The objective of the current study was to determine if a commercially available blood pregnancy test could be 
modified to detect differences in pregnancy-associated glycoprotein (PAG) concentrations to indicate stage of 
pregnancy or fetal age in cattle. 
Study Description 
Previously identified pregnant females were grouped by age (pre-primiparous or multiparous). Blood samples 
were collected between day 27 and 190 of pregnancy (n = 176 from pre-primiparous and n = 240 from 
multiparous) and serum was tested in duplicate using a commercially available blood pregnancy test, IDEXX 
Alertys Pregnancy Test. Procedures were adapted to allow concentrations to fall within the detectible range of 
the assay. Animals were grouped by parity (pre-primiparous vs multiparous) into 4 gestational groups (group 1 
- < 30 days, group 2 - 30 to 90 days, group 3 - 91 to 178 days, and group 4 - >178 days). Data were analyzed 
using the MIXED procedure of SAS with parity and gestational age in the model. There was an effect of parity, 
gestational age, and a parity by gestational age interaction (P < 0.01). Pre-primiparous animals had greater 
concentrations of PAGs compared to multiparous animals. Among pre-primiparous animals, serum PAG 
concentrations did not differ between gestational age groups 1, 2, or 3 (P > 0.37), but group 4 had greater PAG 
concentrations than all other groups (P < 0.01). Among multiparous animals, serum PAG concentrations 
decreased from group 1 to 2 (P < 0.01), and then increased throughout gestation (P < 0.01). Data were then 
analyzed using the REG procedure in SAS within gestational age group. There was a positive correlation 
between gestational age and PAG concentrations among both pre-primiparous (P < 0.01; R2 = 0.25) and 
multiparous (gestational age 30 and greater P < 0.01; R2 = 0.64).  
Take Home Points 
In conclusion, circulating PAG concentrations among pre-primiparous animals increased with gestational age, 
but the high variability in concentrations may not make it a reliable marker for gestational age. Among 
multiparous animals, however, gestational age accounted for 64 % of the variation in concentration of PAGs 
between day 30 and 190, thus using a modified blood pregnancy test may allow for determining the stage of 
pregnancy.  
Introduction 
Pregnancy-associated glycoproteins (PAGs) are a part of the aspartate proteases gene family. These PAGs 
are synthesized by binucleate giant cells (BNGCs) of the trophectoderm in the ruminant placenta. Binucleate 
giant cells then migrate to fuse with maternal uterine epithelial cells where the granular content within the 
BNGCs is released into the maternal circulation. Once the granular content is released in the maternal 
circulation PAGs can be measured in either milk or blood samples to determine pregnancy status. Pregnancy-
associated glycoproteins are detectable in the bloodstream of multiparous and pre-primiparous as early as day 
22 to 24 of gestation (Pohler et al., 2013). Pregnancy-associated glycoproteins continue to rise throughout 
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gestation and then peak around the time of parturition (Sasser et al., 1986; Zoli et al., 1992; Green et al., 
2005). Because PAGs are elevated at parturition, residual levels exist in multiparous cows at the start of the 
subsequent breeding season that can affect early pregnancy detection. 
The PAG family contains more than 20 different proteins which are secreted at different times throughout 
gestation. The exact purpose of PAGs is still unestablished, but it is estimated that some may play a role in 
parturition and protection of the fetus from the maternal immune response (Zoli et al., 1992). Blood pregnancy 
tests are popular due to their ease of use and the unique feature of not requiring costly equipment or special 
training. Using PAGs for pregnancy determination is extremely accurate with a 95 to 99 percent true positive 
rate (Pohler et al., 2016). A downside to blood pregnancy tests is they only provide a yes or no answer as to 
whether an animal is pregnant or open. Currently, fetal aging can only be completed with transrectal palpation 
or ultrasonography. Therefore, the objective of this study was to determine if a commercially available blood 
pregnancy test could be modified to detect differences in PAG concentrations to indicate stage of pregnancy or 




Females previously identified as pregnant via transrectal ultrasonography from four different herds in South 
Dakota were utilized in this study. Animals were grouped by parity (pre-primiparous and multiparous). Blood 
was collected once a month between day 27 and 190 of pregnancy from either the tail or jugular vein into 10-
mL EDTA Vacutainer tubes (Becton, Dickinson and Company, Franklin Lakes, NJ) and stored at room 
temperature for approximately one to three hours until centrifuged. The whole blood samples were centrifuged 
at 2,000 x g for 30 minutes for serum collection and stored at -20ºC until testing. Serum was tested in duplicate 
using a commercially available blood pregnancy test, IDEXX Alertys Ruminant Pregnancy Test (IDEXX, 
Westbrook, ME). Blood samples were grouped into 4 gestational age groups (group 1 - < 30 days, group 2 - 30 
to 90 days, group 3 - 91 to 178 days, and group 4 - >178 days). 
Procedures for the commercial PAG assay were adapted to allow concentrations to fall within the linear 
detectable range of the assay. The IDEXX Alertys Ruminant Pregnancy Test currently detects whether a 
female is pregnant or open. Since females in this study were all pregnant, their PAG concentrations surpassed 
the minimum threshold of the assay. Adjustments were made from 100 μL to 8 μL of serum used in the assay 
in order fit within the detectable range of the assay. Plates were then washed and treated with reagents 
according to the manufacturer’s instructions. The Molecular Devices SpectraMax 190 microtiter plate reader 
(San Jose, California) determined the PAG concentration for each sample. 
Animals were not physically separated for the duration of this study but were separated into 4 different 
gestational groups (group 1- < 30 days, group 2- 30 to 90 days, group 3- 91 to 178 days, and group 4- >178 
days) to statistically analyze the data. Different groups were established where a natural break in gestational 
age was found. Pre-primiparous and multiparous serum samples were initially run together, but a statistical 
difference of parity was evident, therefore they were analyzed separately. 
Statistical Analysis 
Serum PAG concentrations were analyzed using the MIXED procedure of SAS with parity and gestational age 
in the model. Correlation of PAG concentrations with gestational age were analyzed using the REG procedure 
in SAS within gestational age group. Significance was determined at a P ≤ 0.05 and a tendency at 0.10 ≥ P > 
0.05.  
Results and Discussion 
There was a significant impact of gestational age on PAG concentrations. Pregnancy Associated Glycoproteins 
increased in both pre-primiparous (Figure 1) and multiparous (Figure 4) animals as gestational age increased 
(P < 0.01). Concentrations of PAGs also increased in both pre-primiparous and multiparous animals (Figure 2 
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and 5) as gestational age increased (P < 0.01). Among pre-primiparous animals, there was no difference in 
PAG concentrations between groups 1, 2, and 3, but PAGs increased in group 4 (Figure 3). Among 
multiparous animals, PAG concentrations increased from group 2 to group 3 and further increased to group 4 
(Figure 6). We hypothesize that the difference in PAG profiles is due to an effect of parity (pre-primiparous vs 
multiparous) on PAG concentrations during gestation. Pre-primiparous animals had greater PAG 
concentrations compared to multiparous animals (Figure 7) early in gestation. We hypothesize this is because 
pre-primiparous animals have not calved yet and are at smaller body weights, so the PAGs are not diluted as 
much as they would be in a multiparous animal. 
Implications 
The present study verified circulating PAG concentrations increase with gestational day. Among pre-
primiparous animals, PAG concentrations did increase with gestational age, but with high variability in 
concentrations, may not be a reliable marker for gestational age. Among multiparous animals, gestational age 
accounted for 64 percent of the variation in PAG concentrations between d 30 and 190, thus using a modified 
blood pregnancy test may allow for determining stage of pregnancy. To be enticing for producers to implement 
into their program, the ideal pregnancy detection method should accurately identify both pregnant and non-
pregnant females in the herd (Romano and Larson, 2010). Using PAGs to identify pregnant females within a 
producer’s operation allows for a detection method at a lower cost, requiring less skill, and less strain on their 
body. With further research, PAG blood pregnancy test may also allow for determining stage of pregnancy. 
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Figures 
PAG CONCENTRATIONS BY GESTATION DAY 
  
Figure 1. Regression analysis of gestational age on circulating concentrations of pregnancy-associated 
glycoproteins in primiparous animals. Each circle indicates an individual sample. The solid line is the calculated 
regression line, with the blue shaded area being the 95% confidence interval. Gestational age 30 and greater 
(P <0.01; R2 =0.25). 
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PAG CONCENTRATIONS BY GESTATION AGE GROUP 
 
Figure 2. Increase of PAG concentrations among four different gestational groups in primiparous animals. 
Regression analysis of gestational age group on circulating concentrations of pregnancy-associated 
glycoproteins. Each circle indicates an individual sample. The solid line is the calculated regression line, with 
the blue shaded area being the 95% confidence interval (P <0.01; R2 =0.25). 
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Figure 3. Mean (± SEM) serum PAG concentrations among four different gestational groups (days) of heifers. 
Different superscripts a,b (P <0.01). 
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PAG CONCENTRATIONS BY GESTATION DAY 
 
Figure 4. Regression analysis of gestational age on circulating concentrations of pregnancy-associated 
glycoproteins in multiparous cows. Each circle indicates an individual sample. The solid line is the calculated 
regression line, with the blue shaded area being the 95% confidence interval. Gestational age 30 and greater 
(P <0.01; R2 =0.64). 
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PAG CONCENTRATIONS BY GESTATION AGE GROUP 
 
Figure 5. Increase of PAG concentrations among three different gestational groups in multiparous cows. 
Regression analysis of gestational age group on circulating concentrations of pregnancy-associated 
glycoproteins. Each circle indicates an individual sample. The solid line is the calculated regression line, with 
the blue shaded area being the 95% confidence interval (P <0.01; R2 =0.63). 
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Figure 6. Mean (± SEM) serum PAG concentration levels among three different gestational groups of 
multiparous cows. Different superscripts a,b,c (P <0.01). 
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Figure 7. Comparison of PAG concentrations between primiparous and multiparous cows. Different 
superscripts a,b,c,d,e (P < 0.01). 
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Beef Day 2021 
Prevalence of Bovine Viral Diarrhea Virus 
subspecies among persistently infected samples 
from cattle in the United States 
Jessie Vallejo1, Travis Clement2, Matthew Dammen2 and Christopher CL Chase2 
1Boehringer Ingelheim Animal Health, Duluth GA; 2Department of Veterinary and Biomedical Science, South 
Dakota State University, Brookings SD 
Objective 
The focus of this survey was to determine the prevalence of BVDV subspecies in the United States. 
Study Description 
Ear notch samples from confirmed or suspected PI animals were submitted by veterinary clinics and producers 
between November 1, 2018 through December 20, 2019. One thousand and ninety-three samples (1,093) 
were submitted for processing to the Animal Disease Research and Diagnostics Laboratory of South Dakota 
State University. The initial screening PCR used by ADRDL detected 1,000 samples as BVDV PI positive. 
Positive submissions were supplied from 21 states with sample size ranging 1-288 samples/state. Samples 
from 4 states: Kansas (n=258), Kentucky (n=288), Oklahoma (n=237), and Texas (n=81) accounted for 86.4% 
of total accessions. Samples were predominately obtained from beef operations, with 17 samples sourced from 
dairies in California, New York, Connecticut and Wisconsin. Of the PCR confirmed samples, the prevalence of 
subspecies was BVDV1b 702/1,000 (70.2%), BVDV1a 44/1000 (4.4%), and BVDV2a 178/1000 (17.8%) with 
76/1000 (7.6%) of samples unable to be translated successfully. The 76 samples unavailable for subtyping 
was attributed to either low concentration of BVD nucleic acid or noisy multiple peak sequence data, 
preventing sequencing of 5’ UTR.  
Take Home Points 
A pool of 1,000 samples were diagnosed positive for persistent infection of bovine viral diarrhea virus via PCR. 
Results of sequencing the 5’ UTR of the viral genome showed that BVDV 1b was by 3.5 X (70%) more 
prevalent than BVDV2a (17.8%) and BVDV1a was the least at 4.4.%. These findings support previous 
research suggesting BVDV 1b is the predominant strain circulating in the United States. 
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Objective 
Bovine viral diarrhea virus (BVDV) is a significant pathogen of cattle, leading to losses due to reproductive 
failure, respiratory disease and immune dysregulation. An investigation was conducted in an American bison 
(Bison bison) herd dealing with reproductive issues in 2018-2019 calving season to determine likely cause of 
the losses. 
Study Description 
Diagnostic tests including serology and virology (virus isolation and metagenomic sequencing) were conducted 
on samples collected from the breeding herd and from 4 American bison with failure to thrive and general 
unthriftiness in March 2020. Two of the these bison (one male and one female) and two “normal” bison (one 
male and one female) were submitted for pathological examination in September 2020. Serology indicated a 
high incidence of exposure as 26 of 26 animals had BVDV 1 titers between 512-8192. Type 2 titers were 
present in 26 of 26 and ranged from 64-8192. Metagenomic sequencing on pooled nasal swabs and serum 
from the four “unthrifty” bison identified a BVDV1a strain and bovine bosavirus (BBV). The BVDV genome was 
most similar to the BVDV type 1a vaccine strain Oregon C24V with 92.7% identity. Sequencing results were 
confirmed by PCR detection of BVDV and BBV in individual serum samples: BVDV was detected in two bison 
and BBV was detected in two bison with one bison co-infected with BVDV and BBV. Serum from these same 
animals collected two months later remained positive for BVDV and BBV, again with one animal co-infected 
with both BVDV and BBV. Pathological examination of the two BVDV PI bison revealed smaller spleens than 
the “normal bison”. On histopathology, the two BVDV positive animals had lymphoid depletion in the ileo-cecal 
valve lymphoid region. The female PI bison had decreased primordial/primary follicles in the ovary and there 
was decreased spermatogenesis in the testes of the PI male. 
Take Home Points 
These results suggest that both viruses can persistently infect bison. While the significance of BBV infection is 
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Objective 
The objective of this research was to investigate effects of maternal prepartum dietary energy source (forage 
vs. concentrate) during mid and late gestation on carcass composition, and meat quality of offspring.  
Study Description 
Angus-based cows from 2 sources [n = 129 from SDSU (Experiment 1) and n = 70 from North Dakota State 
University (Experiment 2)] were stratified by body weight and age and placed into two treatment groups at a 
drylot facility during mid- and late-gestation: Concentrate (dams fed a concentrate-based diet) or Forage (dams 
fed a forage-based diet). Calves were finished and carcass data was collected. Striploins were collected for 
meat quality evaluation.  
Take Home Points 
In Experiment 1, offspring carcasses from the concentrate treatment tended to have more ribfat (P = 0.06) than 
the offspring from the forage treatment and tended to have higher (P = 0.08) yield grades. In Experiment 2, 
maternal treatment did not influence (P > 0.05) any carcass traits. Offspring from the concentrate treatment 
had increased (P < 0.05) juiciness and tended (P = 0.08) to have increased tenderness ratings compared to 
offspring from the forage treatment. Maternal prepartum dietary energy source during mid and late gestation 
did not significantly alter offspring carcass merit or meat quality.  
Introduction 
Recent advances in fetal programming research have shown that altering maternal nutrition during the fetal 
stage can result in lasting postnatal effects on offspring productivity measures, including growth, feed intake, 
feed efficiency, muscle development, and meat quality (Funston et al., 2012). Development of marbling, or 
intramuscular fat, is of great economic importance to the beef industry. Adipogenesis (fat cell development) is 
initiated around the fourth month of gestation, partially overlapping with the second wave of myogenesis 
(muscle cell development). Both muscle and fat cells are derived from a common pool of mesenchymal stem 
cells. Du et al. (2010) suggested this stage of development represents a major opportunity for maternal 
nutrition to positively or negatively affect stem cell differentiation and ultimately influence body composition. 
Since the number of mesenchymal stem cells decrease as cattle mature, strategies to increase marbling 
during early life could be more effective than later in life. After 250 d of age, marbling is primarily enhanced 
only through the growth of preexisting fat cells and nutritional influences have little impact on fat cell 
development (Du et al., 2010). Smith and Crouse (1984) reported that different regulatory processes control 
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fatty acid synthesis in intramuscular (marbling) and subcutaneous adipose tissue (backfat), indicating that it 
may be possible to increase marbling without proportional increases in backfat that could negatively impact 
yield grade. Thus, the fetal stage may be of key importance to overall carcass quality of offspring.  
Volatile fatty acids (VFA) are the main products of the digestion of feed by bacteria in the rumen and provide 
greater than 70% of the ruminant animal’s energy supply by serving as substrates for synthesis of glucose and 
fat (Ferrell et al., 1982; Bell and Bauman, 1997). Major VFA produced by rumen microorganisms include 
acetate, propionate, and butyrate (Bell and Bauman, 1997). Various dietary energy sources ferment in the 
rumen to yield differing proportions of specific short- and long-chain fatty acids. Forage-based diets result in 
VFA composition of approximately 65-70% acetate, 15-25% propionate, and 5-10% butyrate (Penner et al., 
2009). Grain-based diets high in readily fermentable carbohydrate (starch) reduce acetate by 10-15% and 
increase propionate by 20-25% (Penner et al., 2009). Propionate is the only VFA that contributes directly to the 
net synthesis of glucose, which is a major energy substrate utilized by uterine and placental tissues for fetal 
growth (Ferrell et al., 1982). Typically, beef cattle are finished on high concentrate diets that result in 
fermentation of propionate and increased glucose production. Glucose plays an important role in intramuscular 
fat cell proliferation and growth that ultimately determines the amount of marbling in the carcass. Therefore, it 
seems plausible that diets based on nonstructural carbohydrates (starch) rather than structural carbohydrates 
(fiber) could influence fetal development and subsequent carcass composition. Others have evaluated dietary 
energy source during late gestation (Radunz et al., 2012; Wiedmeier et al., 2012), but to date literature 
concerning the effects of maternal dietary energy source (forage vs. concentrate) during mid- and late-
gestation on offspring performance and meat quality traits is limited. We hypothesized that variations in the 
proportion of volatile fatty acids produced in the rumen of the gestating cow during mid- and late- gestation will 
differentially influence fetal development and offspring composition, leading to differences in carcass 
characteristics and meat quality of offspring.  
Experimental Procedures 
Cow Management  
All animal care and experimental protocols were approved by the South Dakota State University (SDSU) 
Animal Care and Use Committee (approval number 18-081E). Mature, Angus-based, spring-calving cows from 
the SDSU Antelope Range and Livestock Research Station (n = 131) and the North Dakota State University 
(NDSU) Hettinger Research Extension Center (n = 70) were evaluated for pregnancy in the fall of 2017 and 
assigned to dietary treatments based on cow age and BCS. Groups were randomly assigned to forage-based 
or concentrate-based dietary treatments and allotted to four pens based on source and treatment [SDSU 
Forage (n = 64), SDSU Concentrate (n = 65), NDSU Forage (n = 35), NDSU Concentrate (n = 35)]. Dietary 
composition for the treatment diets is provided in Table 1. Feed intake was controlled so that cows in both 
treatments consumed equal levels of protein and energy. Cows were provided the treatment diets beginning at 
approximately day 94 of gestation and continuing until approximately 30 days prior to calving. Both diets were 
formulated to maintain cow body condition. At the end of the treatment period, cows were returned to native 
range pastures and managed as a common group through weaning.  
Offspring Management 
At weaning, a subset of 96 calves (n = 48 heifers, n = 48 steers) from the SDSU cows and 40 calves (n = 20 
heifers, n = 20 steers) from the NDSU cows closest to the mean weaning weight of each source group were 
selected and followed through the backgrounding and finishing portions of the study. Calves were fed a 
common receiving diet consisting of grass hay and dried distillers grains with solubles during an 83-d 
backgrounding period. During backgrounding, calves were treated for external and internal parasites and 
vaccinated against clostridia, Haemophilus somnus, and Mannheimia haemolytica bacteria and IBR-BVD-
BRSV-PI3 viruses. At the conclusion of the backgrounding phase, all calves were transported to Brookings, SD 
for the finishing phase of the study. The SDSU calves were finished in the Insentec monitoring system 
(Insentec, Marknesse, the Netherlands) at the SDSU Cow-Calf Education and Research facility (CCERF) to 
monitor individual feed intake. Steers and heifers were separated into two pens. The NDSU calves were 
stratified by sex and initial body weight into group pens (4 pens/treatment with 5 head/pen) and finished at the 
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SDSU Ruminant Nutrition Center (RNC). Because the calves from each source location were finished in 
different systems, the SDSU calves will be referred to as Experiment 1 and the NDSU calves as Experiment 2. 
Finishing diets for each group of cattle are provided in Table 2. Following a step-up period, calves were 
administered an initial growth promoting implant on d 23 of the finishing period containing 100 mg trenbolone 
acetate and 14 mg estradiol (Synovex-Choice, Zoetis Inc., Parsippany, NJ). Cattle were re-implanted with 100 
mg trenbolone acetate and 14 mg estradiol (Synovex-Choice, Zoetis Inc., Parsippany, NJ) on d 80 of the 
finishing period and an ultrasound image was captured to predict harvest date. The harvest target for each 
source × treatment group was determined when the predicted group average was 0.5 inches of rib fat (RF), 
resulting in three harvest dates at d 131, d 145, and d 180 of the finishing period. Cattle were shipped 146 
miles to a commercial packing facility.  
Carcass Evaluation and Sample Collection 
All cattle were tracked individually through the slaughter process. Following carcass chilling (approximately 24 
hours), hot carcass weight (HCW), ribeye area (REA), RF, USDA Yield Grade (YG), marbling score, carcass 
maturity, USDA Quality Grade (QG), and objective color measurements (L*, a*, and b*) were recorded for each 
individual carcass. A striploin (IMPS #180) was collected from each carcass and transported to the SDSU Meat 
Science Laboratory and portioned into 1-inch steaks. Four steaks were aged for either 3, 7, 14, or 21 days for 
evaluation of Warner-Bratzler shear force (WBSF). Additional steaks were utilized to determine fatty acid 
profile using Fatty Acid Methyl Ether (FAME) synthesis, crude fat percentage using ether extraction, and 
consumer palatability of 14 d aged samples using a trained sensory panel.  
Warner-Bratzler shear Force 
Steaks designated for WBSF determination were thawed for 24 hours at 39°F then cooked on an electric 
clamshell grill (George Foreman, Model GRP1060B, Middleton, WI) to an internal temperature of 160ºF. A 
thermometer (Model 35140, Cooper-Atkins Corporation, Middlefield, CT) was used to record the peak internal 
temperature. Cooked steaks were cooled at 39ºF for 24 hr before removing 6 cores (0.50-inch in diameter) 
parallel to the muscle fiber orientation (AMSA, 2015). A single, peak shear force measurement was obtained 
for each core using a texture analyzer (Shimadzu Scientific Instruments Inc., Lenexa, KS, Model EZ-SX) with a 
Warner-Bratzler attachment. Measurements of the peak shear force value were averaged to obtain a single 
WBSF value per steak.  
Ether Extract 
At 3 d postmortem, the anterior face of each striploin was removed during fabrication and frozen at -4ºF and 
later used to determine percent crude fat using the ether extract method outlined by Mohrhauser et al. (2015). 
Steaks were thawed slightly and all exterior fat, epimysial connective tissue, and additional muscles were 
removed from the longissimus muscle. Samples were minced, immersed in liquid nitrogen, and powdered for 
15 seconds using a Waring commercial blender (Waring Products Division, Model 51BL32, Lancaster, PA). 
Homogenized samples were weighed in duplicate 5-gram samples into dried aluminum tins, covered with dried 
filter papers, and dried in an oven at 212ºF for 24 hr. Dried samples were then placed into a desiccator and 
were reweighed after cooling. Samples were extracted using petroleum ether in a side-arm Soxhlet extractor 
(Thermo Fischer Scientific, Rockville, MD) for 60 hr followed by drying at room temperature and subsequent 
drying in an oven at 212ºF for 4 hr. Dried extracted samples were placed into a desiccator for 1 hr and were 
cooled and then reweighed. Crude fat was calculated by subtracting the pre-extraction weight from the post-
extraction sample weight and expressed as a percentage of the pre-extraction sample weight.  
Fatty Acid Composition 
A sub-sample of 30 steaks per treatment was selected closest to the mean marbling score from Experiment 1 
(30 per treatment from the SDSU offspring) to evaluate composition of individual fatty acids using direct FAME 
synthesis. Steaks were thawed slightly and external fat, epimysial connective tissue, and additional muscles 
were trimmed from the longissimus muscle. Samples were minced, immersed in liquid nitrogen, and powdered 
for 15 seconds using a Waring commercial blender (Waring Products Division, Model 51BL32, Landcaster, 
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PA). Duplicate 1 g samples were weighed and processed to generate FAMEs according to procedures of 
O’Fallon et al. (2007).  
Trained Sensory Panel 
An eight-member trained sensory panel evaluated samples according to standards set by AMSA (2016). 
Striploin samples were evaluated for juiciness (1 = extremely dry; 18 = extremely juicy), tenderness (1 = 
extremely tough; 18 = extremely tender), and beef flavor (1= extremely bland; 18 = extremely intense) on an 
anchored unmarked line scale. Steaks were cooked on an electric clamshell grill (George Foreman, Model 
GRP1060B, Middleton, WI) to an internal temperature of 160ºF. After cooking, steaks were rested for five 
minutes and then cut into 1 x 0.5 x 0.5-in samples. Two cubes were placed into a prelabeled plastic cup, 
covered with a plastic lid in order to retain heat and moisture, and held in a warming oven (Metro HM2000, 
Wilkes-Barre, PA) at 140ºF until served. Ten samples were evaluated in each session, one session per d, for a 
total of 10 sessions. Samples evaluations were alternated by treatment to reduce first and last order bias. 
Samples were served to panelists in a randomized fashion, in private booths, under red lights to limit 
observation of visual differences and evaluated for each trait on an anchored unmarked line scale. 
Statistical Analyses 
Response variables were analyzed using generalized linear mixed model procedures (SAS GLIMMIX, SAS 
Inst. Inc., Cary, NC). The intrauterine environment was considered the experimental unit. Experiment 1 was 
analyzed as a completely randomized design and Experiment 2 was analyzed as a randomized complete block 
design to determine the effects of treatment, calf sex and their interaction. For WBSF, aging period was added 
to the model as a repeated measure and peak cooking temperature was included as a covariate. Separation of 
least squares means was conducted using protected LSD with an alpha level of 0.05. Treatment by sex 
interactions were evaluated and are reported when significant. 
Results and Discussion 
The majority of fetal muscle and adipose tissue growth and development occurs during mid- and late-gestation 
(Du et al., 2010). Alterations to fetal development imposed by maternal stressors, such as maternal nutrient 
restriction have been shown to have long term impacts on offspring growth and performance (Webb et al., 
2019; Mohrhauser et al., 2015; Underwood et al., 2010). From a production perspective, management 
decisions made in response to drought, availability of feedstuffs, or cost of feedstuffs can alter the gestational 
environment potentially leading to changes in fetal development. In the present study, drought conditions in 
2017 resulted in limited forage availability at the SDSU Antelope Range and Livestock Research Station and 
the NDSU Hettinger Research Extension Center. Therefore, a management decision was made to transport a 
portion of these cow herds to a drylot from November 2017 through February 2018 to take advantage of lower 
cost feedstuffs and preserve range conditions. Based on feed prices of 2017, dams in the concentrate-based 
treatment were fed a diet that cost approximately $0.90/ day and the forage-based treatment were fed a diet 
that cost approximately $1.07/ day.  
Carcass Characteristics 
Experiment 1: Carcass measurements for Exp. 1 are reported in Table 3. Maternal treatment did not influence 
(P > 0.05) offspring HCW, REA, marbling score, L* values or the proportion of carcasses in each USDA Quality 
and Yield Grade category. Offspring from the forage treatment tended to have decreased (P = 0.06) 12 th rib fat 
thickness and tended to have lower (P = 0.08) USDA Yield Grades compared to offspring from the concentrate 
treatment. Offspring from the concentrate treatment had increased (P < 0.05) a* and b* values. As expected, 
steers had heavier (P < 0.05) HCW and larger (P < 0.05) REA than heifers. Heifers had increased (P < 0.05) 
RF and marbling scores, as well as increased (P < 0.05) a* and b* values and tended (P = 0.07) to have higher 
USDA Yield Grades.  
Experiment 2: Carcass measurements for Exp. 2 are reported in Table 4. Maternal treatment did not influence 
(P > 0.05) any carcass traits evaluated in Exp. 2. Similar to Exp. 1, steers had heavier (P < 0.05) HCW, larger 
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(P < 0.05) REA, decreased (P < 0.05) RF and marbling scores, and lower (P < 0.05) USDA Yield Grades 
compared to heifers.  
The tendency for offspring from forage fed dams to have decreased rib fat and lower USDA Yield Grades in 
Exp. 1 was not observed in Exp. 2. Differences between the two experiments may be attributed to genetic and 
management differences between the source cow herds, as well as the differences in offspring finishing 
systems. While no direct comparisons with the present study are available in the literature other research has 
demonstrated that offspring fat depots may be especially sensitive to alterations in the maternal diet. When fed 
to a common backfat endpoint, Radunz et al. (2012) reported that offspring from dams fed a fiber-based diet 
(hay) in late gestation had increased marbling scores and no carcasses that graded USDA Select compared to 
offspring from dams fed a starch-based diet (corn). Underwood et al. (2010) reported that fat thickness and 
adjusted 12th rib fat thickness was greater in offspring from dams grazing improved pasture that providing more 
crude protein than offspring from dams grazed on native range during mid gestation. Wilson et al. (2015) 
observed a tendency for progeny from dams provided a distillers grain supplement during late gestation to 
have decreased backfat thickness compared to progeny from dams that were not supplemented. Steers from 
dams supplemented protein during late gestation were reported to have increased marbling scores, as well as 
a greater proportion of carcasses grading USDA Choice or better compared to steers from dams not 
supplemented protein (Larson et al., 2009). Mohrhauser et al. (2015) reported a tendency for decreased ribfat 
and lower USDA Yield Grades, with no influence on marbling score, in offspring from dams in a negative 
maternal energy status during mid-gestation compared to offspring from dams in a positive maternal energy 
status. Summers et al. (2015) also observed decreased 12th rib fat thickness with no differences in marbling 
score in progeny from dams that were supplemented a diet with low RUP in late gestation compared to 
progeny from dams not supplemented with RUP. 
As observed in both Exp. 1 and Exp. 2, heifers had increased (P < 0.05) RF and YG compared to steers, and 
steers had increased (P < 0.05) HCW and REA compared to heifers. Mohrhauser et al (2015) also reported 
steers to have heavier HCW, reduced marbling scores, and larger ribeye areas. However, in contrast to the 
present study, steers were reported to have higher a* values and tended to have higher L* values compared to 
heifers (Mohrhauser et al., 2015). In addition, heifers in Exp. 1 also tended to have increased marbling scores 
compared to steers. This is consistent with other studies suggesting heifers have greater amounts of marbling 
when compared to steers and bulls (Park et al., 2018).  
Meat Quality Characteristics  
Experiment 1: Meat quality characteristics for Exp. 1 are reported in Table 5. Maternal treatment did not 
influence (P > 0.05) crude fat percentage, moisture content, WBSF, or sensory characteristics of steaks from 
offspring. Heifers had decreased (P < 0.05) moisture and increased crude fat content compared to steers. As 
expected, WBSF improved (P < 0.05) each aging period (4.75 ± 0.152 kg, 3.79 ± 0.112 kg, 2.98 ± 0.088 kg, 
and 2.65 ± 0.064 kg for steaks aged 3, 7, 14, and 21 days, respectively).  
Experiment 2: Meat quality characteristics for Exp. 2 are reported in Table 6. Maternal treatment did not 
influence (P > 0.05) crude fat percentage, moisture content, WBSF, or flavor of steaks from offspring. 
However, offspring from the concentrate treatment had increased (P < 0.05) juiciness and tended to have 
increased (P = 0.08) tenderness compared to offspring from the forage treatment as evaluated by a trained 
sensory panel. Heifers had increased (P < 0.05) crude fat and decreased moisture content compared to steers, 
which is likely the result of heifers having greater amounts of marbling compared to the steers. As expected, 
WBSF improved (P < 0.05) from d 4 to 7, and from d 7 to 14, but d 14 did not differ from d 21 (4.79 ± 0.156 kg, 
3.74 ± 0.156 kg, 2.91 ± 0.156 kg, and 2.63 ± 0.157 kg for steaks aged 3, 7, 14, and 21 days, respectively).  
Because there were no differences in marbling scores between treatment groups the lack of difference in crude 
fat and moisture content is not unexpected. Other studies investigating alterations in maternal energy have 
evaluated WBSF and also reported no differences in this objective measure of tenderness (Radunz et al., 
2012; Mohrhauser et al., 2015). However, studies investigating alterations in maternal protein levels reported 
steaks from offspring of dams with restricted protein intake during mid-gestation had increased WBSF values 
(less tender meat) compared to offspring of dams with adequate protein intake (Underwood et al., 2010; Webb 
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
87 
et al., 2019). In Exp. 2, steaks from the offspring of dams in the concentrate treatment were rated as juicier and 
tended to have improved tenderness ratings by a trained sensory panel compared to steaks from the forage 
treatment. The difference in sensory ratings between treatments and between Experiments in this study is 
unclear. Other studies investigating the effects of maternal nutrition during gestation on sensory characteristics 
of steaks is lacking. As no differences were observed between treatments for WBSF, crude fat, moisture 
content, or marbling scores more research is necessary to understand the influence of maternal dietary energy 
source on the sensory attributes of steaks from offspring. In both Exp. 1 and Exp. 2, heifers had increased (P < 
0.05) crude fat and decreased moisture content compared to steers, which is likely attributed to the heifers 
having greater amounts of marbling compared to the steers. 
Fatty Acid Composition 
Fatty acid composition was only analyzed for Exp. 1 (Table 7). The concentration (mg/g) of arachidonic 
(C20:4n6), nervonic (C20:1n9), and docosapentaenoic (C22:5n3) acids were increased in samples from the 
concentrate treatment (P < 0.05); however, treatment did not influence (P > 0.05) concentration of other fatty 
acids. The concentration (mg/g) of capric (C10:0), myristic (C14:0), myristoleic (C14:1n5), palmitoleic 
(C16:1n7), and heptadecenoic (C17:1) acids were increased (P < 0.05) in samples from heifers compared with 
steers. Sex did not influence (P > 0.05) concentration of other fatty acids.  
There is limited information on the effects of maternal diet on the fatty acid composition of meat from offspring. 
Webb et al. (2019) also reported that arachidonic acid was sensitive to changes in maternal diet. Offspring of 
dams provided adequate protein during mid-gestation produced offspring with increased concentrations of 
arachidonic acid compared with protein restricted dams. A study by Chail et al., (2017) evaluated the effects of 
finishing diet on fatty acid composition in the gluteus medius and triceps brachii and also observed increased 
concentration of arachidonic acid when cattle were fed a grain-based diet as compared to a forage-based diet. 
Results from the present study suggest that maternal diet can influence fatty acid composition of steaks from 
progeny and warrants further investigation. 
Implications 
Results from this study suggest that variation in winter cow diets during mid- and late-gestation has limited 
influence on progeny performance. Collectively, these data suggest a forage-based diet provided to cows 
during mid- and late-gestation programmed offspring to decrease deposition of subcutaneous fat without 
compromising marbling score, tenderness or other sensory attributes. As dams in the present study were fed 
to meet nutrient requirements during mid- and late-gestation, mechanisms by which energy source in mid- to 
late-gestation can affect growth rate of progeny might be minimized when energy needs of the cow are met. 
Provided that nutrient requirements are met, it appears that utilizing alternative diets for the beef cow herd 
does not significantly influence progeny performance and beef product quality. This provides flexibility for 
cow/calf producers to feed their gestating cows available energy sources during drought and/or variable 
growing conditions without concern for offspring performance or carcass traits. 
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Tables 
Table 1. Dietary components (dry matter basis) consumed by cows receiving a forage-based (FOR) or 
concentrate-based diet (CONC) during mid-and late-gestation. 
Ingredient 
CONC1 FOR1 
Wheat Straw 24.1 % 71.9 % 
Grass/ Alfalfa Hay --- 21.8 % 
Corn Silage --- 3.7 % 
Suspension Supplement2 4.6 % 2.6 % 
Corn Grain 56.6 % --- 
Modified Distiller’s Grain with Solubles 13.3 % --- 
Limestone 1.4 % --- 
1Diets formulated based on NRC (2000) requirements 
2Suspension supplement: 20% Crude Protein (≤ 20% Non-protein nitrogen), 3.55-4.55% Ca, 0.20% P, 0.30% 
Mg, 1% K, 528.63 ppm Mn, 12.65 ppm Co, 480 ppm Cu, 5.50 ppm Se, 1440 ppm Zn, 40000 IU/lb Vit. A, 11300 
IU/lb Vit. D3, 75 IU/lb Vit. E, 400 g/ton monensin. 
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Table 2. Dietary components and nutrient composition consumed by offspring during the finishing phase. 
Ingredient 
Experiment 11 Experiment 21 
--- % DM basis --- 
Grass Hay 11.43 --- 
Earlage 12.33 --- 
Dry Rolled Corn 55.45 30.35 
Dried Distiller Grains with Solubles2 20.10 17.48 
High Moisture Corn --- 32.50 
Oatlage --- 12.90 
Pelleted Melengestrol Acetate Supplement3 --- 1.90 
Suspension Supplement for Exp.14  0.70 --- 
Suspension Supplement for Exp. 25 --- 4.86  
--- Nutrient composition of diet6 --- 
DM % 72.00 70.37 
CP % 14.61 14.35 
ADF % 10.32 8.78 
NDF % 20.74 19.47 
Crude Fat % 3.74 4.34 
Ash % 3.41 5.87 
NEm Mcal/d 0.93 0.94 
NEg Mcal/d 0.62 0.63 
1Diets formulated based on NRC (2000) requirements for offspring fed at the Cow-calf Education and 
Research Facility (Experiment 1) or Ruminant Nutrition Center (Experiment 2).  
2In experiment 1, dried distillers grains with solubles fed to heifers included melengestrol acetate (MGA, Zoetis, 
Parsippany, NJ) at a rate sufficient to provide 0.50 mg·hd-1·d-1; steers received dried distillers grains w/ 
solubles without MGA.  
3Soybean hull based: provided MGA at a rate sufficient to provide 0.50 mg·hd-1·d-1 
4Suspension supplement: 30.8% protein (26.6% non-protein nitrogen), 8% Ca, 0.2% P, 0.4% Mg, 7.1% K, 15.6 
ppm Co, 337.6 ppm Cu, 33.8 ppm I, 723.8 ppm, Mn, 3.2 ppm Se, 1107.8 ppm Zn, 4310 IU/lb Vit A, 1080 IU/lb 
Vit D3, 384.6 IU/lb Vit E, 512.3 g/ton monensin.  
5Suspension supplement: 44.03% protein (38.97% non-protein nitrogen), 11.06% Ca, 0.39% P, 7.10% K, 
0.22% Mg, 0.39% S, 1.42 ppm Co, 101.47 ppm Cu, 12.18 ppm I, 116.14 ppm Fe, 309.49 ppm Mn, 2.94 ppm 
Se, 674.78 ppm Zn, 20294.12 IU/lb Vit A, 202.94 IU/lb Vit E, 588.24 g/ton monensin, 1.29% fat, 11.13% TSI, 
52.33% Ash. 
6All values except diet dry matter on a dry matter basis 
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Table 3. Least squares means for maternal prepartum dietary energy source on Experiment 1 progeny carcass 
characteristics, meat quality and carcass value. 
Item 
Treatment1 Sex P-value2 
CONC FOR SEM3 Heifers Steers SEM3 Treatment Sex 
Treatment 
x Sex 
Hot carcass weight, lb 769 774 9.7 739 807 9.7 0.710 <0.001 0.299 
Ribeye area, in2 13.3 13.6 0.19 12.9 13.9 0.21 0.271 0.006 0.889 
12th rib fat thickness, in 0.48 0.45 0.016 0.5 0.43 0.018 0.060 0.002 0.304 
USDA Yield grade 3.0 2.8 0.08 3.0 2.8 0.09 0.084 0.070 0.811 
Marbling score4 537 539 13.9 563 513 15.7 0.909 0.013 0.699 
L*5 42.05 41.83 0.277 41.99 41.90 0.314 0.534 0.838 0.826 
a*5 25.27 24.59 0.138 25.25 24.60 0.156 <0.001 0.002 0.921 
b*5 10.45 10.03 0.093 10.46 10.02 0.105 <0.001 0.001 0.660 
USDA Quality Grade6 
Prime, % 5.22 9.14 0.689 9.21 5.17 0.782 0.588 0.615 0.963 
Upper 2/3 Choice, % 53.00 50.66 0.337 65.66 37.72 0.391 0.865 0.272 0.864 
Low Choice, % 36.19 30.95 0.381 20.16 50.18 0.420 0.715 0.267 0.635 
USDA Yield Grade6 
Yield Grade 2, % 57.55 61.62 0.339 50.95 67.69 0.381 0.761 0.384 0.556 
Yield Grade 3, % 40.50 36.50 0.339 46.59 30.96 0.383 0.761 0.399 0.794 
1Diets formulated based on NRC (2000) requirements for dams fed either a limit-fed concentrate or ad-libitum 
forage diet during mid- and late-gestation. 
2Probability of difference among least square means 
3Standard error of the mean 
4Marbling score: 200=Traces0, 300=Slight0, 400=Small0, 500=Modest0 
5Recorded 3 d postmortem; L*: 0 = Black, 100 = White; a*: Negative values = green; Positive values = red; b*: 
Negative values = blue; Positive values = yellow 
6Calculated proportions of USDA Quality and Yield Grade (data did not converge for a quality grade of USDA 
Select, or USDA Yield Grade less than a 2 or greater than a 3) 
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Table 4. Least squares means for maternal prepartum dietary energy source on Experiment 2 progeny carcass 
characteristics, meat quality and carcass value 
Item 
Treatment1 Sex P-value2 
CONC FOR SEM3 Heifers Steers SEM3 Treatment Sex 
Treatment 
x Sex 
Hot carcass weight, lb 728 728 10.2 699 754 10.2 0.972 0.001 0.611 
Ribeye area, in2 12.8 12.7 0.35 12.1 13.4 0.35 0.814 0.013 0.508 
12th rib fat thickness, in 0.37 0.40 0.02 0.42 0.35 0.02 0.418 0.016 0.497 
USDA Yield grade 2.7 2.8 0.130 3.0 2.5 0.130 0.452 0.013 0.957 
Marbling score4 484 493 20.43 529 448 20.43 0.770 0.008 0.526 
L*5 42.27 42.26 0.366 42.30 42.22 0.366 0.989 0.885 0.282 
a*5 25.51 25.36 0.189 25.36 25.50 0.189 0.573 0.588 0.192 
b*5 10.56 10.54 0.148 10.55 10.55 0.148 0.911 0.994 0.224 
USDA Quality Grade6 
Low Choice, % 56.70 34.83 0.525 30.00 62.02 0.510 0.425 0.309 0.425 
Select, % 20.00 21.39 0.618 14.29 28.99 0.659 0.935 0.477 0.477 
USDA Yield Grade6 
Yield Grade 2, % 66.67 44.50 0.506 39.56 71.01 0.510 0.413 0.308 0.939 
Yield Grade 3, % 28.99 50.00 0.510 55.50 24.66 0.525 0.425 0.309 0.702 
1Diets formulated based on NRC (2000) requirements for dams fed either a limit-fed concentrate or ad-libitum 
forage diet during mid- and late-gestation. 
2Probability of difference among least square means 
3Standard error of the mean 
4Marbling score: 200=Traces0, 300=Slight0, 400=Small0, 500=Modest0 
5Recorded 3 d postmortem; L*: 0 = Black, 100 = White; a*: Negative values = green; Positive values = red; b*: 
Negative values = blue; Positive values = yellow 
6Calculated proportions of USDA Quality and Yield Grade (data did not converge for a quality grade of USDA 
Select, or USDA Yield Grade less than a 2 or greater than a 3) 
  
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
94 
Table 5. Least square means for meat characteristics from Experiment 1 progeny of cattle fed a prepartum 
dietary energy source consisting of limit-fed concentrate (CONC) or ad-libitum forage (FOR) diet during mid- 
and late-gestation. 
Item 
Treatment1 Sex P-value2 
CONC FOR SEM3 Heifers Steers SEM3 Treatment Sex 
Treatment 
x Sex 
Crude Fat, % 6.31 6.24 0.339 7.17 5.39 0.384 0.865 <0.001 0.621 
Moisture, % 71.48 71.50 0.264 70.69 72.29 0.299 0.945 <0.001 0.728 
WBSF4, kg 3.48 3.60 0.128 3.38 3.71 0.137 0.480 0.068 0.637 
Tenderness5 12.43 12.85 0.285 12.87 12.41 0.318 0.263 0.284 0.833 
Juiciness5 10.98 11.49 0.295 11.33 11.14 0.330 0.192 0.665 0.328 
Flavor5 9.83 9.64 0.228 9.84 9.64 0.255 0.531 0.555 0.232 
1Diets formulated based on NRC (2000) requirements for dams fed either a limit-fed concentrate or ad-libitum 
forage diet during mid- and late-gestation. 
2Probability of difference among least square means 
3Standard error of the mean  
4Warner-Bratzler Shear Force 
5Striploin samples were evaluated for juiciness (1 = extremely dry; 18 = extremely juicy), tenderness (1 = 
extremely tough; 18 = extremely tender), and beef flavor (1= extremely bland; 18 = extremely intense). 
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Table 6. Least square means for meat characteristics from Experiment 2 progeny of cattle fed a prepartum 
dietary energy source consisting of limit-fed concentrate (CONC) or ad-libitum forage (FOR) diet during mid- 
and late-gestation. 
Item 
Treatment1 Sex P-value2 
CONC FOR SEM3 Heifers Steers SEM3 Treatment Sex 
Treatment 
x Sex 
Crude Fat, % 5.20 5.54 0.360 6.21 4.53 0.360 0.513 0.002 0.767 
Moisture, % 72.59 72.45 0.293 71.87 73.18 0.293 0.729 0.003 0.523 
WBSF4, kg 3.50 3.54 0.165 3.40 3.64 0.173 0.836 0.308 0.342 
Tenderness5 12.59 11.73 0.341 12.56 11.76 0.341 0.082 0.106 0.441 
Juiciness5 10.70 9.67 0.304 10.16 10.21 0.304 0.022 0.921 0.201 
Flavor5 9.20 8.82 0.332 9.09 8.93 0.332 0.415 0.729 0.166 
1Diets formulated based on NRC (2000) requirements for dams fed either a limit-fed concentrate or ad-libitum 
forage diet during mid- and late-gestation. 
2Probability of difference among least square means  
3Standard error of the mean 
4Warner-Bratzler Shear Force 
5Striploin samples were evaluated for juiciness (1 = extremely dry; 18 = extremely juicy), tenderness (1 = 
extremely tough; 18 = extremely tender), and beef flavor (1= extremely bland; 18 = extremely intense). 
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Table 7. Total concentration of fatty acids in raw tissue (Saturated fatty acids, SFA; monounsaturated, MUFA; 
and polyunsaturated fatty acids, PUFA) from Experiment 1 progeny of dams fed a concentrate (CONC) or 
forage (FOR) diet during mid- and late-gestation. 
Fatty Acid 
Treatment1 Sex P-value2 
CONC FOR SEM3 Heifers Steers SEM3 Treatment Sex 
Treatment 
x Sex 
---- Fatty acid concentrations (mg/g raw wet tissue) ---- 
C10:0 0.03 0.03 0.003 0.03 0.02 0.003 0.710 0.013 0.290 
C12:0 0.04 0.04 0.003 0.05 0.04 0.003 0.540 0.100 0.466 
C14:0 2.15 2.06 0.154 2.34 1.87 0.172 0.663 0.042 0.348 
C15:0 0.29 0.30 0.024 0.32 0.27 0.027 0.846 0.105 0.629 
C16:0 19.37 19.43 1.410 20.58 18.23 1.572 0.974 0.264 0.477 
C17:0 0.86 0.89 0.079 0.94 0.81 0.088 0.742 0.250 0.853 
C18:0 10.33 10.73 0.788 10.45 10.61 0.879 0.697 0.896 0.495 
C20:0 0.05 0.04 0.006 0.05 0.04 0.007 0.452 0.103 0.660 
C14:1n5 0.57 0.50 0.042 0.62 0.46 0.047 0.204 0.017 0.402 
C16:1n7 2.15 1.95 0.134 2.35 1.76 0.150 0.264 0.005 0.295 
C16:1trans 0.24 0.25 0.014 0.25 0.24 0.016 0.723 0.698 0.566 
C18:1n9  27.24 27.33 1.909 29.34 25.23 2.128 0.970 0.152 0.593 
C18:1 trans 2.58 2.41 0.203 2.47 2.52 0.226 0.517 0.853 0.467 
C18:1n7 0.94 1.10 0.104 1.16 0.89 0.116 0.230 0.088 0.603 
C18:2 trans 0.004 0.003 0.0001 0.004 0.003 0.0006 0.628 0.596 0.245 
C18:2n6 2.96 2.63 0.170 2.80 2.79 0.190 0.147 0.978 0.657 
C18:3n6 0.02 0.02 0.001 0.01 0.02 0.001 0.766 0.201 0.806 
C18:3n3 0.27 0.24 0.012 0.25 0.25 0.014 0.051 0.916 0.948 
C20:2 0.06 0.05 0.004 0.06 0.05 0.005 0.638 0.240 0.921 
C20:3n6 0.01 0.01 0.001 0.01 0.01 0.001 0.210 0.901 0.749 
C20:4n6 0.55 0.46 0.025 0.493 0.524 0.028 0.009 0.405 0.547 
C22:3 0.01 0.01 0.001 0.01 0.01 0.001 0.056 0.721 0.855 
C24:1n9 0.02 0.01 0.002 0.01 0.01 0.002 0.011 0.530 0.224 
C22:5n3 0.02 0.01 0.003 0.02 0.02 0.003 0.007 0.329 0.544 
C22:6n3 0.03 0.03 0.003 0.03 0.03 0.003 0.514 0.811 0.888 
SFA 33.12 33.52 2.410 34.77 31.87 2.688 0.897 0.419 0.477 
MUFA 34.45 34.21 2.248 36.97 31.69 2.506 0.937 0.119 0.651 
PUFA 3.93 3.47 0.192 3.69 3.71 0.214 0.068 0.958 0.767 
1Diets formulated based on NRC (2000) requirements for dams fed either a limit-fed concentrate or ad-libitum 
forage diet during mid- and late-gestation. 
2Probability of difference among least square means 
3Standard error of the mean 
  
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
97 
Beef Day 2021 
Beef carcass weight and quality grade influence 
tenderness 
Samantha R. Egolf, Austin C. Egolf, Lydia M. Hite, Christina E. Bakker, Amanda D. Blair, Keith R. Underwood, 
and Judson K. Grubbs 
Objective 
The objective was to investigate whether hot carcass weight (HCW) affected Warner-Bratzler shear force 
(WBSF) and tenderness formation of Denver, strip, and eye of round steaks from USDA Select (Se) and low 
Choice (LC) beef carcasses. 
Study Description 
Select and LC carcasses were selected at a commercial beef plant by HCW (light = 650–750 lb; middle = 850–
950 lb; heavy = 1,025–1,150 lb). Steaks were fabricated and aged for 5, 10, and 14 days. Tenderness was 
determined through WBSF based on industry standards. Additionally, protein degradation was analyzed to 
determine tenderness formation. 
Take Home Points 
Warner-Bratzler shear force of Denver and eye of round steaks was toughest on day 5 with tenderness 
improving throughout aging. Strip steak WBSF was highest on day 5 in light weight carcasses compared to 
middle and heavy carcasses (P < 0.0001). By day 10, strip steaks were of similar tenderness (P > 0.05). 
Denver and eye of round steaks were not influenced by HCW (P > 0.05). In agreement with WBSF data from 
strip steaks, protein breakdown increased in middle and heavy carcasses on day 5. These data suggest strip 
steaks from light carcasses have reduced tenderness formation during early aging compared to middle and 
heavy carcasses. 
Introduction 
Product consistency is a challenge to the beef industry partly due to the complexity of postmortem biochemical 
changes of carcasses during the rigor process, but also other factors, such as quality grade, length of aging 
and muscle type. It is accepted that the rate of postmortem aging varies between and within muscles (Smith et 
al., 1978; Kim et al., 2010). As HCW increases, internal carcass temperature increases, which may influence 
postmortem biochemical changes, aging rate, and tenderness formation.  
Multiple enzymatic systems play a role in postmortem protein degradation and tenderness formation. Proteins 
such as troponin-T and desmin are broken down by the calpain system contributing to or indicating tenderness 
formation. The calpain system is known to be impacted by changes to temperature and pH in the carcass. 
Research is limited on the impact of HCW on beef muscles aged up to 14 days. Beef products from heavier 
carcasses could potentially have tenderness issues due to effects of internal carcass temperature during 
postmortem chilling on protein breakdown. Therefore, the objective of this study was to investigate the 
influence of hot carcass weight (HCW) on Warner-Bratzler shear force (WBSF) and protein degradation of 
Denver, strip, and eye of round steaks of USDA Select (Se) and low Choice (LC) beef carcasses. 
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Experimental Procedures 
Carcass Selection and Processing 
Carcasses were selected at a USDA inspected beef packing facility in the Midwest between June and 
September 2018. A-maturity beef carcasses (n = 312) were selected at approximately 45 min postmortem 
based on HCW [light (LW) = 650–750 lb; middle (MW) = 850–950 lb; heavy (HW) = 1,025–1,150 lb]. Stainless-
steel data loggers were placed in the round, loin, and chuck of the right side of each carcass to track internal 
temperature. An 8-inch data logger (ThermoWorks, American Fork, UT) was inserted in the center of the round 
near the femur 48 minutes postmortem. A second 8-inch data logger was placed in the chuck in or near the 
Denver 50 minutes postmortem. A 4-inch data logger was placed in the striploin at the third lumbar vertebra 50 
minutes postmortem. Carcasses entered the chilling cooler and internal carcass temperature (F) was 
recorded every 15 minutes for 26 hours. During the 26-hour chilling period, carcasses received continual air 
movement and intermittent spray chilling, per normal plant operation (80 seconds of water spray every 32 
minutes). Approximately 26-30 hours postmortem, carcasses were ribbed and carcass traits (12th rib backfat, 
ribeye area, and marbling score) were measured by trained South Dakota State University personnel. 
Following grading, the chuck roll, striploin, and eye of round were collected from selected USDA Se (n =56) 
and LC (n = 60) carcasses. Subprimals were transported under refrigeration to the South Dakota State 
University Meat Laboratory in Brookings, SD for further processing. The Denver was fabricated from the chuck 
roll and the striploin and eye of round were trimmed of excess fat prior to fabrication. Steaks were cut 1-inch 
thick for WBSF and 0.25-inch thick for proteolysis. Steaks were aged for 5, 10, or 14 days. 
Warner-Bratzler Shear Force 
The procedures used for WBSF followed those outlined by the American Meat Science Association (AMSA, 
2015). Steaks were removed from the freezer and allowed to thaw prior to cooking. Steaks were cooked to an 
internal temperature of 160F using a clamshell grill (George Foreman model GR2144P; Beachwood, OH). 
Internal temperature was monitored using thermocouples (model 39658-K; Atkins Technical, Gainesville, FL). 
Following cooking steaks were cooled to 39°F and then brought to room temperature. Six cores were taken 
from each steak and sheared using a texture analyzer (Shimadzu, model EZ SX; Suzhou Instruments 
Manufacturing, Co., LTD, Jiangsu, China). Peak force was recorded and averaged across all six cores for 
statistical analysis.  
Protein Extraction 
Frozen samples were powdered in stainless steel blender cups using a commercial blender (model 51BL32; 
Waring, Torrington, CT) until the sample was uniformly powdered and used for protein extraction. Protein 
concentrations were determined using the methods outlined by Melody et al. (2004). Briefly, powdered sample 
was homogenized in a whole muscle buffer [2% sodium dodecyl sulfate (SDS), 10 mM sodium phosphate; 
WMB] and centrifuged. Protein samples were diluted to similar concentrations and frozen (14F) until use. 
Western Blot Analysis 
A 15% and 10% polyacrylamide separating gels were used for determination of troponin-T and desmin 
breakdown, respectively. Blots were incubated with primary antibody overnight at 39F with JLT-12 (Sigma, St. 
Louis, MO) and rabbit anti-desmin antibody (purified in the Lonergan lab, Iowa State University) for troponin-T 
and desmin respectively. Secondary antibody was applied to each membrane [troponin-T: goat anti-mouse 
horseradish peroxidase (Thermo Fisher Scientific) and desmin: goat anti-rabbit horseradish peroxidase 
(Thermo Fisher Scientific)]. Membranes were developed using the ECL Prime detection kit (GE Healthcare, 
Lafayette, CO). Images were obtained via chemiluminescence using a FluorChem M multifluor imaging system 
(Protein Simple, San Jose, CA) and analyzed using AlphaView programming (v 3.4.0.0; Protein Simple). 
  
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
99 
Statistical analysis 
Data were analyzed using the MIXED procedure in SAS (v 9.4; SAS Inc., Cary, NC) with repeated measures. 
Hot carcass weight, quality grade, and aging day were used as main effects. Post-hoc Tukey tests were used 
to determine significance between treatments at  = 0.05. 
Results 
Warner-Bratzler Shear Force 
Warner-Bratzler shear force of Denver steaks was increased in day 5 steaks, with day 14 steaks being the 
most tender (P < 0.0001; Figure 1). Quality grade and HCW did not influence WBSF in Denver steaks (Table 
1). A HCW x aging day interaction was observed in strip steaks (P < 0.01; Figure 2). Day 5 strip steaks from 
LW carcasses were toughest (P < 0.02) and day 5 steaks from MW carcasses were of equal tenderness to day 
5 steaks from HW carcasses. By day 10 no differences were observed among weight groups. Quality grade did 
not influence WBSF in strip steaks (Table 1). Day 5 eye of round steaks had increased toughness over day 10 
and day 14 steaks; day 10 steaks were the most tender (P < 0.0001; Figure 3). Quality grade and HCW did not 
impact WBSF in eye of round steaks (Table 1). 
Protein Degradation 
The abundance of intact troponin-T in Denver steaks was highest in day 5 steaks, followed by day 10, and day 
14 steaks had the least amount of intact troponin-T (P < 0.0001; Figure 4). Quality grade and HCW did not 
influence intact troponin-T in Denver steaks (Table 2). Intact troponin-T in strip steaks was not influenced by 
HCW, quality grade, or aging day (Table 2). A quality grade x aging day interaction was observed in the eye of 
round for intact troponin-T (P < 0.01; Figure 5). Day 10 eye of round steaks from LC carcasses had an 
increased amount of intact troponin-T compared to day 10 steaks from Se carcasses (P < 0.01). Hot carcass 
weight did not influence the abundance of intact troponin-T in eye of round steaks (Table 2). 
The amount of intact desmin in Denver steaks was not influenced by HCW (P = 0.12), quality grade (P = 0.26), 
or aging day (P = 0.12; Table 3). A HCW x quality grade interaction was observed for intact desmin strip steaks 
(P = 0.04; Figure 6). Strip steaks from Se LW carcasses had increased amounts of intact desmin compared to 
steaks from Se MW and Se HW carcasses (P < 0.05). An increased amount of intact desmin was observed in 
strip steaks from Se LW carcasses compared to LC LW carcasses (P = 0.01). Intact desmin in strip steaks was 
also influenced by aging day (P < 0.0001), with day 5 steaks having the most intact desmin and day 14 having 
the least (Figure 7). The abundance of intact desmin in eye of round steaks was highest in day 5 steaks and 
least in day 14 steaks (P < 0.0001; Figure 8). Neither HCW (P = 0.73) nor quality grade (P = 0.52; Table 3) 
influenced the amount of intact desmin in eye of round steaks. 
Discussion 
With advancements in beef cattle genetics and nutrition regimes, the beef industry is producing heavier cattle 
resulting in heavier and higher quality carcasses. Egolf et al. (2020) reported elevated temperatures in heavier 
carcasses, especially in carcasses over 1,025 lb. Muscles that maintain elevated temperatures during 
postmortem chilling can negatively impact product tenderness and protein breakdown (Kim et al., 2010; Kim et 
al., 2012). 
Carcasses should enter rigor prior to achieving internal temperatures below 50ºF to prevent increased 
toughness in meat products. The decreased tenderness formation observed on day 5 in strip steaks from light 
carcasses may be due to light carcasses reaching this threshold prior to entering rigor [for temperature data 
reference Egolf et al. (2020)]. At the opposing temperature extreme, temperatures too high have been reported 
to negatively impact tenderness. Kim et al. (2010) observed beef deep round muscles maintained at higher 
temperatures had decreased product quality compared to outside round muscles. A previous study of internal 
carcass temperature (Egolf et al., 2020) reported higher carcass temperatures during postmortem chilling in 
heavy beef carcasses (greater than 1,025 lb). In the current study, heavy carcasses with higher temperatures 
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had increased tenderness at early aging points compared to light carcasses with lower temperatures during 
chilling. These results agree with Thomson et al. (2008) who reported increased tenderness on day 1 strip 
steaks held at 95ºF until a pH of 5.6 was attained compared to strip steaks held at 59ºF until pH 5.6 was 
attained.  
Measuring the abundance of intact protein products is an indicator of tenderness formation. Thomson et al. 
(2008) reported by day 3, steaks incubated at higher temperatures did not exhibit a further increase in 
tenderness, whereas the steaks incubated at 59ºF had increased tenderness and were more tender through 
21 days of aging. In the current study, as postmortem aging progressed, the abundance of intact troponin-T 
and desmin decreased indicating improved tenderness regardless of HCW. Koohmaraie (1992) reported 
higher temperatures increase the rate of calpain activation, an enzyme that breaks down the majority of 
proteins during postmortem aging. This could be beneficial in carcasses with higher internal temperatures 
because it could increase aging at early postmortem times. However, Dransfield (1994) used a model to 
conclude calpains are inactivated at increased temperatures, which would indicate heavier carcasses with 
higher internal temperatures would have steaks with increased toughness. Although calpain was not analyzed 
during this study, the lack of differences in protein degradation and shear force values between HCW suggests 
the extended time at higher temperatures in heavier carcasses does not considerably affect product 
tenderness. In the current study, aging day had a stronger influence on tenderness. Despite some steaks 
having increased toughness at early aging days (i.e. day 5 strip steaks from LW carcasses), increasing the 
aging time provided a sufficient amount of time for those muscles to increase in tenderness and be comparable 
to steaks from heavier carcasses.  
Implications 
The current study found minimal impact of HCW on shear force and protein degradation under common 
industry chilling practices. Aging day, however, contributed greatly to tenderness. The interaction between 
HCW and aging in strip steaks is likely due to decreased primal weight and increased chilling rate compared to 
the Denver and eye of round steaks. With regard to Denver and strip steaks, provided steaks are sufficiently 
aged, consumers should feel confident steaks will meet their expectations for tenderness regardless of carcass 
size. 
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Tables 
Table 1. Mean values ( SE) of Warner-Bratzler shear force of Denver, strip, and eye of round steaks from 
USDA Select and low Choice carcasses by hot carcass weight and quality grade. 
Item 
WBSF (lb) SE P-value 
Denver 
Hot Carcass Weight1 
LW 7.7 0.22 
0.36 MW 8.1 0.22 
HW 8.1 0.22 
Quality grade2 
Se 8.0 0.19 
0.58 
LC 7.9 0.19 
Strip 
Quality grade 
Se1 10.2 0.4 
0.62 
LC 10.5 0.4 
Eye of round 
Hot Carcass Weight1 
LW 13.7 0.3 
0.66 MW 13.4 0.3 
HW 13.8 0.3 
Quality grade2 
Se 13.7 0.3 
0.81 
LC 13.6 0.3 
1LW = light weight, 650–750 lb; MW = middle weight, 850–950 lb; HW = heavy weight, 1,025–1,150 lb 
2Se = USDA Select; LC = low Choice 
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Table 2. Abundance of intact troponin-T in Denver, strip, and eye of round steaks from USDA Select and low 
Choice carcasses by hot carcass weight, quality grade, and aging day. 
Item 
Troponin-T1 SE P-value 
Denver 
Hot Carcass Weight2 
LW 1.26 0.06 
0.38 MW 1.16 0.06 
HW 1.26 0.06 
Quality grade3 
Se 1.25 0.05 
0.43 
LC 1.20 0.05 
Strip 
Hot Carcass Weight2 
LW 0.89 0.05 
0.41 MW 0.87 0.05 
HW 0.96 0.05 
Quality grade3 
Se 0.94 0.04 
0.33 
LC 0.88 0.04 
Aging day 
5 0.99 0.05 
0.09 10 0.84 0.05 
14 0.90 0.05 
Eye of round 
Hot Carcass Weight2 
LW 1.28 0.09 
0.31 MW 1.33 0.09 
HW 1.15 0.09 
1Values are reported as a ratio of the sample protein to an internal standard sample. 
2LW = light weight, 650–750 lb; MW = middle weight, 850–950 lb; HW = heavy weight, 1,025–1,150 lb 
3Se = USDA Select; LC = low Choice 
  
 
South Dakota State University Beef Day 2021 
© 2021 South Dakota Board of Regents 
104 
Table 3. Abundance of intact desmin in Denver steaks from USDA Select and low Choice carcasses by hot 
carcass weight, quality grade, and aging day 
Item 
Desmin1 SE P-value 
Denver 
Hot Carcass Weight2 
LW 1.13 0.03 
0.12 MW 1.17 0.03 
HW 1.20 0.03 
Quality grade3 
Se 1.18 0.02 
0.26 
LC 1.15 0.02 
Aging day 
5 1.21 0.03 
0.14 10 1.14 0.03 
14 1.15 0.03 
Eye of round 
Hot Carcass Weight2 
LW 1.16 0.3 
0.73 MW 1.14 0.3 
HW 1.12 0.3 
Quality grade3 
Se 1.16 0.3 
0.52 
LC 1.13 0.3 
1Values are reported as a ratio of the sample protein to an internal standard sample 
2LW = light weight, 650–750 lb; MW = middle weight, 850–950 lb; HW = heavy weight, 1,025–1,150 lb 
3Se = USDA Select; LC = low Choice 
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a-c Means with different superscripts are significantly different (P < 0.05) 
Figure 1. Mean values ( SE) of Warner-Bratzler shear force of Denver steaks by aging day from USDA Select 




†LW = light weight, 650–750 lb; MW = middle weight, 850–950 lb; HW = heavy weight, 1,025–1,150 lb 
a-f Means with different superscripts are significantly different (P < 0.05) 
Figure 2. Mean values ( SE) of Warner-Bratzler shear force of strip steaks from USDA Select and low Choice 
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a-c Means with different superscripts are significantly different (P < 0.05) 
Figure 3. Mean values ( SE) of Warner-Bratzler shear force of eye of round steaks from USDA Select and 




*Values are reported as a ratio of the sample protein to an internal standard sample 
a-c Means with different superscripts are significantly different (P < 0.05) 
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†Se = USDA Select; LC = low Choice 
*Values are reported as a ratio of the sample protein to an internal standard sample (P < 0.05) 
a-c Means with different superscripts are significantly different (P < 0.05) 
Figure 5. Abundance of intact troponin-T in eye of round steaks from USDA Select and low Choice carcasses 
by quality grade and aging day. 
 
 
†LW = light weight, 650–750 lb; MW = middle weight, 850–950 lb; HW = heavy weight, 1,025–1,150 lb 
*Values are reported as a ratio of the sample protein to an internal standard sample 
ab Means with different superscripts are significantly different (P < 0.05) 
Figure 6. Abundance of intact desmin of strip steaks from USDA Select and low Choice carcasses by quality 
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*Values are reported as a ratio of the sample protein to an internal standard sample 
a-cMeans with different superscripts are significantly different (P < 0.05) 





*Values are reported as a ratio of the sample protein to an internal standard sample  
abMeans with different superscripts are significantly different (P < 0.05) 
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Beef Day 2021 
Temperature during beef product transport impacts 
subprimal and steak yield 
Christina E. Bakker, Amanda D. Blair, Keith R. Underwood, Heather R. Rode, Judson K. Grubbs 
Objective 
The objective of this study was to determine the impact of ambient temperature during striploin and sirloin 
transport on moisture loss, color, and tenderness.  
Study Description 
Cases of striploins (n = 24) and sirloins (n = 24) were placed on one of two pallets. Each pallet was placed on 
a refrigerated truck pre-chilled to 28ºF or 38ºF and product was transported for 12 hours. Subprimal purge loss 
was measured prior to fabrication into 1-inch thick steaks. Steaks were overwrapped and packaged in modified 
atmosphere packaging prior to a second transport. Each pallet was placed on a refrigerated truck set at 28ºF 
or 38ºF and transported for 12 hours. Steaks were utilized for the evaluation of color stability, cook loss, purge 
loss, and Warner-Bratzler shear force. 
Take Home Points 
The consistent increase in purge loss of sirloins transported at elevated temperatures has the potential to be 
detrimental to the bottom line for any meat processor. However, data indicate varied responses to temperature 
differences based on subprimal. Thus, a universal recommendation for all meat products is not possible. 
Therefore, further investigation into the impacts of transportation temperatures on various meat products is 
vital to the optimization of the meat supply chain. 
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Beef Day 2021 
Influence of beef carcass chilling rate on steak 
case life and quality traits 
Trevor C. DeHaan, Amanda D. Blair, Judson K. Grubbs, and Keith R. Underwood  
Objective 
To determine if beef carcass weight influences chilling rate, pH decline, beef color, case life and tenderness of 
steaks from the round, loin, rib and chuck. 
Study Description 
Twelve feedlot cattle were harvested at the SDSU Meat Lab. Carcasses were allocated into two treatment 
groups (n = 6/treatment) based on hot carcass weight (HCW): heavyweight (HCW = 992  13 lbs) and 
lightweight (HCW = 769  22 lbs). Data logging thermometers were placed into the round, loin, rib, and chuck. 
Sample pH was measured over the first 48 hours postmortem in the round, loin, rib, and chuck. Carcass data 
was collected 48 hours postmortem. Denver cut, ribeye, New York strip and eye of round steaks were collected 
for further quality analysis.  
Take Home Points 
Hot carcass weight did not influence pH, lightness, redness, and yellowness in the chuck, rib and loin (P > 
0.05). Lightweight carcasses had overall decreased pH values in the round (P < 0.05). Additionally, lightweight 
carcasses had increased (P < 0.05) lightness and yellowness values in eye of round steaks. Data analysis is 
ongoing for other quality traits. 
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Beef Day 2021 
Influence of carcass chilling system on chuck, loin, 
and round temperature decline, carcass 
characteristics, and tenderness 
Lydia M. Hite*, Christina E. Bakker, Trevor C. DeHaan, Amanda D. Blair, Keith R. Underwood, Judson K. 
Grubbs 
Objective 
Determine the effect of chilling systems on beef carcass temperature decline, carcass characteristics, and 
tenderness. 
Study Description 
Ten beef animals were slaughtered. Hot weight of each side was recorded prior to chilling. The left side of 
each carcass was chilled by air movement only and the right side was chilled by spray chilling. The air 
treatment had an ambient temperature of 38ºF and air movement of 37,674 ft2/min. The spray treatment was 
chilled similarly to the air treatment with the addition of a timed spray of chilled water. Temperature loggers 
were placed in the round, loin, and chuck of each side at 60 minutes postmortem, prior to chilling, and 
recorded temperature every 30 minutes. Following chilling, a 1-inch steak was removed from the longissimus 
dorsi and divided to be utilized for analyzing changes in tenderness over time. Samples were vacuum 
packaged and aged for 1-, 3-, 5-, 7-, 14-, or 21-days postmortem at 39.2ºF then frozen at -4ºF.  
Take Home Points 
Spray chilling systems utilized on beef carcasses have the capabilities to decrease temperature and improve 
yields during chilling. Comparing the use of spray and air chilling on beef sides can help predict the impact on 
beef quality and carcass chilling rates.  
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Beef Day 2021 
Metal-Organic Framework-Based Sensor for 
Bacterial Trehalose in Beef Products 
Matthew Hummel, Hongxing Jia, Ailin Guo, Abdullah Maruf, Shun Lu, Wei He, Yue Zhou, Zhengrong Gu 
Objective 
The objective is to detect trehalose from pathogenic bacteria using an electrochemical sensor based on alkali 
earth metal-organic frameworks (AE-MOFS). 
Study Description 
Trehalose is a sugar produced by microbes to protect themselves from extreme cold and desiccation. 
Problematic bacteria for beef products such as E. coli and Salmonella spp. are well studied for their trehalose 
production, making the molecule a novel biomarker for meat product contamination, especially given the cold, 
dry meat packing plant environment. Trehalose identification could mitigate losses due to recalls. We 
employed trehalose’s unique interactions with AE-MOFs. These materials were cast as a film onto an electrode 
to detect trehalose in broth by electrodepositing it onto the AE-MOF-coating (~45 seconds/sample). Sensors 
were able to detect a linear range of 0.25 – 75.0 mM of trehalose. On autoclaved samples, trehalose 
production peaked in bacteria exposed to refrigeration at 6h and gradually declined over 48 h to initial levels. 
We are now transitioning the technology to directly detect trehalose on meat products. The direct detection 
scheme is illustrated below in the graphical abstract. 
Take Home Points 
First non-enzymatic trehalose sensor for detecting pathogens 
Linear range of 0.25 – 75.0 mM 
Bacterial trehalose production peaks at 6 h 
Sense bacterial count by peak current 
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Graphical Abstract: A bacteria-contaminated liquid sample is rapidly heated to the point of bacterial lysis 
(121°C). Then, 50 µL of the lysed sample is directly pipetted onto the surface of an alkali-earth metal-coated 
working electrode of a three-electrode system. Squarewave voltammetry is performed to directly detect the 
concentration of trehalose, a protective sugar the bacteria produce in response to cold, dry environments, via 
the peaks at -0.20 and -0.45 volts.  
